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The work to be described in, this paper originated in connection with that 
described by Holden and Freeman (1930) on the effect of the denaturation of 
proteins on their specific rotations. Hewitt (1927) suggested a relationship 
between the rotation of a protein and its absorption of ultra-violet light. Smith 
(1929), working with specimens obtained from Hewitt, measured the absorption 
of ultra-violet light for various proteins, and proposed such measurements as a 
basis for criticizing the purity of proteins. A few papers exist on the absorption 
by denatured proteins. Spiegel-Adolf (1927-1929) and her colleagues found a 
qualitative increase in the absorption by serum albumin and ovalbumin after 
irradiation or boiling in dilute alkali. If dilute acid were used the absorption 
by serum albumin increased, while that by ovalbumin was unaffected. Gréh and 
Hanak (1930) measured the ultra-violet absorption curve of 0-1 p.c. egg albumin 
in 0-1 N NaOH, in which solvent it is rapidly denatured. They found an increase 
in the maximum and a relatively greater increase in the minimum absorption 
coefficient. They attributed the absorption entirely to the tyrosine and trypto- 
phane content of the protein. 

The proteins used in this work were prepared in Melbourne and transported 
to Adelaide packed in ice. The serum proteins were prepared as described in a 
paper dealing with their optical rotations (Ilolden and Freeman, 1933). Egg 
albumin was prepared by Hopkins’ (1900) method, and the solution dialysed 
till free from sulphate. All the preparations were made at a low temperature, 
and the utmost care was taken to avoid any accidental denaturation. The symbols 
used and the method employed in deriving the absorption coefficients are set 
forth elsewhere (1929). 

The ox serum albumin was denatured by heating for several hours in 0-5 N 
HCl, precipitating at its iso-electrie point, and thoroughly washing with water. It 


was reprecipitated twice to free it as far as possible from any traces of native pro- 
tein. Another specimen was heated for 48 hours at 32°C. in ethyl aleohol. For 
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photography both were dissolved in the minimal concentration of ammonia. The 
ox euglobulin and pseudoglobulin were denatured by heating in a boiling water 
bath, the former with a trace of HCl, the latter with a trace of NHg, to prevent 
flocculation. Curves for the native proteins are shown for purposes of comparison. 
Those for native albumin agree with that indicated by Svedberg and Nichols 
(1926) for iso-electrie egg albumin. They have definitely lower values than those 
given by Groh and Hanak for the maximum and minimum absorption for native 
egg albumin. 

The ultra-violet absorption curve for egg-albumin was determined at several 
different hydrogen-ion concentrations. Variations in this factor did not appear 
to have much effeet. 

Several specimens of denatured egg albumin were used, details of which are 
given in Table 3. The qualitative findings of Spiegel-Adolf are confirmed by the 
measurements recorded. It is of interest to notice the effect of alcohol on both 
the albumins and the fact that of all the proteins denatured on the acid side, 
serum albumin alone suffers a profound change in the character of its absorption 
eurve. It must, however, be remembered that this protein is relatively so stable 
(as regards denaturation) in acid, that prolonged treatment of a drastic nature 
is necessary and other reactions may proceed at the same time. 


SUMMARY. 


Denaturation alters the ultra-violet absorption curve of some proteins, par- 
ticularly if carried out by aleohol or in alkaline solution. Acid denaturation has 
generally less effect. 
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TABLE 1. 


Ox Serum Proteins. 


Head. Foot. 
AAU v10-12 100¢ AAU v10—12 100¢ 
Albumin. 
1. Native 2.775 1,081 82 2,550 1,176 53 
2. Denatured by HCl, 


dissolved in NH 2,725 1,101 110 2,597 1,155 107 
3. Denatured by C,H,OH 2,916 1,030 91 2,765 1,083 82 
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Head. Foot. 
AAU v1l0-12 100e AAU vl0-12 100¢ 

Pseudoglobulin. 
l. Native 2,775 1,081 93 2,540 1,181 34 
2. Denatured 100°C, 

dissolved by NH, 2,798 1,072 105 2,535 1,183 47 
Euglobulin. 
1. Native 2,780 1,079 150 2,545 1,179 62 
2. Denatured by heat and 

HCl, dissolved in HC] 2,762 1,086 137 2,540 1,181 62 

Tablel. ¢= +, log +2 
vie i. = d og I 


e 
c = No. of grams of protein in one litre, d is in em. 


TABLE 2. 


Native Egg Albumin. 


Head. Foot. 
pH AAU v10-12 el0-2 AAU v10-12 610-2 
4-0 2,795 1,073 241 
2,795 1,073 245 2,520 1,190 111 
4-7 2,780 1,079 245 2,535 1.183 116 
2,790 1,075 245 2,525 1,188 116 
6-0 2,802 1,070 229 2,525 1,188 99 
2,530 1,186 83 
7-0 2,802 1,070 238 2,525 1,188 83 
2.810 1,068 245 
8-0 2,802 1,070 245 2,527 1,187 99 
2,810 1,068 245 
I 
Table2. «= = og 2 
ed I 


M is the molecular weight of egg albumin 34,000. 


TABLE 3. 


Denatured Egg Albumin. 


Denatured Dissolved Head. Foot. 
by by AAU vl0-—12 ¢€10-2 AAU vl0-—12 ¢10-2 

0-05N HCL37°C HCl 2,730 1,099 326 2,540 1,181 81 
0-01N HC1 80°C HCl 2,735 1,097 348 2,510 1.195 117 
“ HCl 2,775 1,081 313 2,550 1,176 128 
ae NaOH 2,735 1,097 311 2,520 1,190 136 
0-01 NaOH 80°C NaOH 2,770 1,083 366 2,540 1,181 177 
0-002N NaOH 100°C NaOH 2,905 1,033 315 2,765 1,085 265 
C,H,OH NaOH 2,812 1,067 242 2,672 1,123 207 
2,672 1,123 230 

: M ® 

Table 3. «= re log I 


M is the molecular weight of egg albumin 34,000. 








TABLE 4. 


Calculated from Groh and from Svedberg. 









AAU v1Q—12 elQ-2 AAU 
Groh 
Native Egg Albumin 2.810 1,068 294 2550 
Denatured in 0-1N NaOH — 2,900 1,034 340 2,720 
Svedberg 
Native Egg Albumin 2,800 1,071 264 2,500 

M I 
Table4. ¢€ = ot log 7 












TABLE 5D. 


Native Serum Albumin (Or). 


v10-12 €103 
9?) 71-4 1,060 800 
997 214 1,081 819 
1,024 333 1,107 800 
1,038 591 1,115 743 
1.045 705 1,122 648 
1,051 762 1,136 591 
1,143 571 
TABLE 6. 
Ox Serum Albumin Denatured by HCL. 
vlQ—12 e103 v10—12 €103 
S85 140 1.049 1,028 
926 175 1,053 1,047 
976 280 1,060 1,066 
1,005 524 1,079 1,085 
1,03 699 1,101 1,104 
1,040 991 1,130 1,085 
Ox Serum Albumin Denatured by Alcohol. 
vlQ—12 €103 v10-—12 €103 
929 198 1,010 911 
955 455 1,042 911 
974 653 1,064 851 
990 792 1,083 821 
1,000 851 1,099 851 
TABLE 7. 
Native Ox Pseudo-globulin. 

v1Q—12 €103 v10-12 e103 
962 24-1 1,062 909 

” 989 85-2 1,081 932 
1,016 397 1,097 909 
1,042 735 1,105 881 
1.051 852 1,117 738 
1,055 881 1,142 511 


1,163 397 
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M is the molecular weight of egg albumin 34,000, 


v1Q0-12 


1,200 


1,176 
1,198 
1,205 
1,214 
1,229 
1,268 


v10-12 


1,111 
1,124 
1,152 
1,163 


v10-—12 
1,181 
1,212 
1,220 
1,229 
1,237 
1,245 










elQ-2 


119 


262 


113 











































533 
552 
591 
705 
857 


1,333 


€1038 


1,104 
1,084 
1,119 
1.215 
1,399 


€103 

911 

990 
1,228 
1,386 











Denatured Ox Pseudo-globulin. 


vlQ—12 e103 vy10-—12 
985 57 1,051 
1,007 341 1,072 
1,016 455 1,101 
1.026 682 1,134 
1,037 909 1,172 
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€103 
966 
1,051 
966 
795 


568 


TABLE 8. 


Native Egg Albumin. 


vyl0—12 elQ-2 vlQ—12 
940 16-7 1,070 
987 49-6 1,079 
1,014 99-4 1.087 
1,026 149 1,095 
1,053 236 1,121 
1,059 241 1,160 


elQ-2 
245 
245 
241 
229 
198 
133 





v1lQ-—12 €108 
1,183 426 
1,183 512 
1,195 568 
1,217 795 
1,235 1,136 
v10—-12 elQ-—2 
1,165 124 
1,188 116 
1,200 124 
1,211 149 
1,224 198 
1,237 258 


Egg Albumin, Denatured by NaOH, Dissolved in NaOH. 


vyl0-—12 
985 
1,016 
1,029 
1,037 
1,047 


vyl0—12 
968 
983 

1,007 

1,027 








vlQ—12 el0-2 vl0—12 el10-2 
985 19-5 1,059 311 
1,002 68-1 1,083 366 
1,014 136 1,113 311 
1,022 177 1,142 271 
1,031 231 1,160 231 
1,044 271 1,170 177 


TABLE 9. 


v10-—12 el0-2 
1,193 177 
1,207 231 
1,215 271 
1,222 311 
1,235 366 


Egg Albumin, Denatured by HCI, Dissolved in HCL. 


el10-2 vlQ-—12 el0-—2 
19-5 1,081 313 
81-3 1,121 255 
174 1,138 220 
220 1,151 174 
255 1,176 128 


Egy Albumin, Denatured by Alcohol. 


«10-2 vl0-—12 el10-2 
16 1,060 242 
79 1,075 242 

159 1,097 238 

$22 1,103 207 


1,115 230 





v10-—12 elQ0-2 
1,200 174 
1,212 220 
1,220 255 
1,229 313 
v10—12 elQ0-2 
1,132 207 
1,141 222 
1,143 242 
1,149 254 


1,158 286 
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1. Ox serum albumin denatured by aleohol. 1. Denatured ox pseudoglobulin. 
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INTRODUCTION. 


During the growth of an annual or annually renascent plant, the relative 
amount of each mineral element present in it undergoes a characteristic drift. 
The drifts are partially independent of the environment, and may be interrelated 
with the continuous changes in the rates of metabolism and growth which occur 
simultaneously ; their elucidation is therefore important for the study of the onto- 
genetic drift in growth rate. The present paper is concerned with some aspects 
of the mechanism of the drifts in the cases of potassium and ealeium. 

It has been repeatedly established (e.g. Wagner, 1932; Richardson, Trumble, 
and Shapter, 1932) that the percentage of potassium in the plant (on a dry 
weight basis) declines with age from a very early point in the life-cycle. Numer- 
ous investigations (e.g. Wagner, 1932; Rippel and Ludwig, 1926; Rippel, 1927; 
Mason and Maskell, 1931) have also shown that potassium accumulates in the 
successive young leaves, and as each of these grows old, and finally dies, most of 
the potassium in them is translocated to those that are younger and situated 
higher on the plant. Finally a certain amount migrates into the inflorescence ; 
but, when most of the leaves are senescent, the large amount of potassium being 
translocated from them into the stem passes downwards into the roots, and a por- 
tion of it returns to the external medium. The later-formed organs thus derive 
their potassium supplies partly or wholly from those earlier formed. The absolute 
amount in the plant rises to a maximum at maturity or during senescence, and 
then generally declines until death. 

The percentage of calcium declines during adolescence, but thereafter tends 
to remain constant. This element is also much less mobile in the plant; it aceu- 
mulates in the leaves, but does not migrate from them again, so that the supplies 
for each successively formed organ are derived directly from the external 
medium. The absolute amount in the plant therefore continuously rises, at all 
events until growth has nearly ceased; any decrease in late senescence is slight 
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(Wagner, 1932; Mason and Maskell, 1931; &e.). It follows from these facts that 
the drift in absolute amount of both potassium and calcium in individual leaves 
resembles that in the whole plant. 

In this paper are derived, partly from existing data, and partly by hypothe- 
sis, certain conclusions which form a partial interpretation of these drifts. Some 
new data are also discussed, which add support for these conclusions. It is not 
suggested that the latter are correct in all respects, but it is hoped that they may 
serve as a basis for future study. 


DEVELOPMENT OF INTERPRETATION OF DRIFTS. 
PROCESSES CONCERNED IN ION INTAKE. 


Any interpretation of the drifts must be developed from a consideration of 
the processes concerned in the intake of ions by the plant. In an earlier paper 
(Petrie, 1933) the chief of these have been characterized as follows: 

(1) Chemical fixation. 

(2) The accumulation of free ions in the vacuoles (and perhaps in the eyto- 
plasm) by the expenditure of energy rendered available in respiration. In this 
way certain ionic species attain internal concentrations considerably higher than 
those of the external medium. It is possible that the force which maintains these 
internal concentrations is continuously dissipating, so that a continuous supply of 
respiratory energy is necessary for its maintenance. Thus the rate of respiration 
may determine the maximum concentration, or concentration when dynamie equi- 
librium has been reached, as well as the rate of approach thereto. Attainment of 
this equilibrium in any cell may, however, be prevented by the growth of the cell, 
by the removal of ions in chemical fixation, or by the transfer of ions to other cells. 

(3) The establishment in cytoplasmic phases of Donnan equilibria caused by 
the presence in the phases of indiffusible ions. 

(4) The adsorption of ions on cytoplasmic colloids. 

For each process, the rate of intake of an ion, and for the last three, the 
amount of the ion taken in, will probably be a function of the external concentra- 
tion. The processes will be interrelated in a complex manner, and will be gov- 
erned and complicated by many factors. For example, a low degree of perme- 
ability of the cell membranes to one ion in the external solution will tend to set 
up temporary Donnan equilibria, which will cause ions of the same charge and 
of greater mobility in the membranes to tend towards an internal concentration 
greater than the final equilibrium concentration. 


PROCESSES CONCERNED IN POTASSIUM AND CALCIUM INTAKE. 


Assuming that these processes determine the intake of ions, we shall now con- 
sider how they may be concerned in the particular cases of potassium and calcium. 
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There is much evidence to show that potassium is not fixed to any appreciable 
extent in the plant, but remains in a soluble form (Bartholomew and Janssen, 
1929; Janssen and Bartholomew, 1929; Nightingale, Schermerhorn, and Rob- 
bins, 1930, &e.). We may therefore picture this element. as existing in the ionic 
state in the cell-sap (including the tracheal sap) and cytoplasm, and conclude 
that the chemical fixation mechanism does not operate in this case. The mobility 
of potassium in the plant is clearly associated with this lack of fixation. 

The immobility of calcium would be explained if this element were largely 
fixed in an insoluble form. It is known that insoluble compounds of calcium, 
such as oxalate, are present in the plant, often in considerable quantity (Hoagland, 
1925, Canals, Canayé, and Cabanes, 1930; Nightingale, &¢., 1931) ; on the other 
hand, calcium has been found in appreciable amount in the cell-sap in the ionic 
state (Teakle, 1929; Mason and Maskell, 1931), which suggests that Ca-ions have 
a low mobility in the cell-membranes; this view is supported by other data (Gell- 
horn, 1929), and, as Mason and Maskell point out, is probable because of the 
position of Ca in the lyotropie series. 

We may conclude, then, that all these processes are concerned in calcium 
intake, and (2), (3), and (4) in potassium intake; and we may proceed to con- 
sider the drifts on this basis. 


RELATION OF THE PROCESSES TO THE DRIFT IN THE POTASSIUM AND 
CaLciumM CONTENTSs. 


We shall here consider attributes of a single unit, this being either a single 
leaf or shoot or else all the shoots or the whole plant; the values of the attributes 
will be mean ones for all the cells in the unit. The external concentration will be 
for the whole plant that of the external solution; for a single organ it will be that 
of the sap in some part of the plant, such as the conducting tissue. 

Our primary conclusions are that for potassium 


E~—e,+e, 


and for calcium 





, ' 
E>e,+e.+e;, 


where E is the total amount of the element in the unit, and e,, e,, and e, represent 
respectively the amounts in the sap!, free or adsorbed in the eytoplasm, and 
chemically fixed. Furthermore it is known (e.g. Wagner, 1932) that the total 
amount of water ((’) in the unit increases to a maximum at about maturity and 
then falls continuously till death. We may conclude that the equation 


U =u, + Ue 


holds approximately, where u, and u, are the amounts of water in sap and eyto- 





1 The sap includes that of non-living cells such as vessels and tracheides, as well as that 
of vacuoles, 
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plasm respectively. We have no data as to the magnitudes of these quantities 
individually, but we propose to assume that they have drifts qualitatively similar 
to that of . This assumption is supported by evidence that the absolute amount 
of cytoplasm has such a drift: the amount of protein in the plant rises to a maxi- 
mum at maturity (ef. MeCalla, 1933) ; after maturity proteins are accumulated 
in the seed in an insoluble state, so that the amount of colloidal protein, which 
forms the main protoplasmic constituent, probably then declines, as does the total 


protein in the vegetative parts. 


Potassium. 
If y, is the concentration of ions of the element in the sap, 
Cg = Ystls. 


We may call the hypothetical equilibrium concentration y,’: by this we mean the 
maximum concentration attainable under the conditions, such as external con- 
centration, respiration rate, &¢., obtaining at the time. This concentration will 
undergo a progressive fall throughout most of the life-cycle on account of the 
decline in respiration rate demonstrated by Kidd, West, and Briggs (1921). If 
the rise in e, during adolescence causes a fall in the external concentration of 
K-ions, this will increase the rate of fall of y,’. 

During adolescence the rise in u, may account for de,/dt being positive, 
although it is impossible to predict the exact drift of this coefficient, which may 
depend on changes in permeability. in the capacity of the plant for intake (due 
for example to changes in the ratio of shoot to root) and in y,’, and on the rate 
of intake of K-ions by other phases. Nor can we completely predict the drift of 
ys. At any time during adolescence y, and y,’ may be equal; or y, may be less 
than ys’, in which case these two quantities may be converging or diverging. These 
possibilities depend on the values of the quantities at the beginning of adolescence, 
and the subsequent drifts of du,/d¢ and de,/dt. But if the quantities are un- 
equal they will eventually converge as du, /d?t falls. Consequently at some time 
before, at, or after the attainment of the maximum of w,, y, and y,’ must 
attain equality, and as soon as both du,/d?t is negative and this equality obtains, 
ye will tend to become greater than y,’. This will tend to cause a fall in e,; in 
other words, K-ions will tend to pass out of the sap. The drift of y, will depend 
on the relative rates of decline of u, and e,, which will depend to a considerable 
extent on the mobility of K-ions. 

It is to be expected that in a single system with a number of phases, such as 
that constituted by sap, cytoplasm and external solution, equilibrium will be 
attained in each phase simultaneously provided the phases remain constant in 
magnitude and state. This will hold irrespective of the rates of equilibration in 
each of the internal phases if each of these with the external solution formed a 
separate system. Equilibrium in one phase only could, however, be attained if 
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the phases drifted differentially in magnitude or in such aspects of their state as 
affect the position of equilibrium. Whether equilibration in sap and cytoplasm 
is simultaneous is not known; but as soon as equilibrium is attained in the cyto- 
plasm, and the absolute amount of the latter and of wu, is falling, e, will tend to 
fall. The effective amount of cytoplasm will fall more rapidly during senescence 
than the actual amount, if the hydrogen-ion concentration of the cytoplasm in- 
creases as did that of the sap in the work of Hurd (1924), since the activities of 
indiffusible anions will be consequently decreased ; it will also fall more rapidly 
if the dispersion of adsorbing cytoplasmic colloids falls with age, as held by 
Ruzicka (1924). Both of these drifts will increase the tendency of e, to fall. 

It is therefore probable that e, and e, drift in a qualitatively similar manner, 
so that E will rise to a maximum at a point at maturity or later, and will there- 
after fall. This is the drift that is observed to occur. The drift in the relative 
amount of potassium in the plant, 2 /W, depends on the relations of the drifts of 
u, and the amount and state of the cytoplasm to W, relations which eannot be 
analysed in detail at present. Both in vegetative parts and in the whole plant 
U/W and the percentage of protein decline from early adolescence onwards: 
E/W will also decline during adolescence provided y, and y, do not inerease too 
rapidly ;7 and will in any case do so when F£ is falling in senescence. 


Calcium. 


If we neglect the fixation of calcium it is conceivable that the same state of 
affairs may exist in the sap and eytoplasm as in the case of potassium up to 
maturity, except that, on account of low mobility, df ‘dt may at first be less than 
in the case of potassium, and equilibrium in sap and cytoplasm may not be 
reached until senescence is actually in progress. The tendency to loss of ions may 
thus not be present until later than in the case of potassium; further, on account 
of the low mobility, any loss will be considerably smaller. We may therefore 
expect that e, and e¢, will increase until some time during senescence, after which 
they will undergo a decrease smaller than in the case of potassium. 

We have, however. to bring into this conception that of the chemical fixation 
of calcium, which probably is almost irreversible, and probably also occurs during 
the whole growing period, although the drift of the rate of fixation is unknown. 
This fixation will further delay the equilibrium of Ca-ions in sap and cytoplasm ; 
and when equilibrium is finally attained on account of fall in wu, and u,, by pro- 
viding another sink for Ca-ions, it will lower the rate of subsequent loss of these 
ions from the unit possibly even to zero. Thus after maturity E# will certainly 
fall less rapidly than in the case of potassium, and may continue to rise. The rise 
in e, will hence be an important, if not the main, factor contributing to the con- 


27,, the concentration of ions in the cytoplasm is a mean, the ions being unequally dis- 
tributed in the cytoplasmic phases. 











104 A. H. K. PETRIE 





staney of E/W after maturity. The fall in E/W prior to maturity cannot be 
analysed in the absence of knowledge of the drift of e;. 

These conclusions will hold whether we consider as the unit the whole plant 
or asingle leaf. In the latter case they can be extended to explain the phenomena 
of migration to and from the successive leaves. It is proposed now to record some 
observations on a plant during its life-cycle, and to investigate whether any 
evidence can be obtained therefrom that will support or discountenance this 
partial interpretation of the drifts. 


PRESENTATION OF NEW DATA. 
(rrowth of Plants. 

The observations were made on Lolium perenne,*® a perennial grass. 

Plants were firstly grown during the summer of 1931-32 under the conditions of which 
they did not flower. On May 5-6, they were cut back and split into propagants of 5 tillers 
euch, and on May 17 these propagants were used to commence the present experiment. They 
were transplanted in sets of three to glazed pots, each containing 20 kg. of a swamp soil of 
approximately 60 p.c. clay, 8-10 p.c. organic matter, and pH 5-0-5-5. This was maintained 
throughout the growing season at approximately 85 p.c. of the total water-holding capacity. 
The pots were kept in the glasshouse. Under these conditions the sub-aerial portions of the 
shoots as a whole passed through a senescent phase during the maturation of the seeds, 
although a small amount of tiller production was still occurring at the end of the experiment. 

Nine to thirteen pots were harvested on each of the following dates: July 5, August 16, 
September 27, October 18, November 8, November 29, December 20; these will be known 
respectively as harvests 1-7. All observations recorded here were made on the sub-aerial 
portion of the shoots. Fresh and dry weights and total potassium and calcium contents were 
determined on the material from six pots. The material from the remainder was used for 
sap expression. 


Sap Expression. 

No method is known whereby the whole or a sample of the sap of all the cells 
of a tissue can be obtained; it is possible to obtain a liquid that only approximates 
to such a sample, but differs from it because of at least three factors. These are: 
(a) contamination with material from the eytoplasm, (b) the omission of sap 
that represents differing amounts from an indefinite number of cells whose sap 
differs in composition, (c) the filtering off of portions of some components of the 
sap by the protoplasmic membranes of unbroken cells. 

Methods of obtaining the best approximation to the true sap vary. Most 
investigators adopt some form of preliminary destruction of the protoplasmic 
membranes of the cells; this eliminates (¢) and probably (b) to some extent, with 
the result that successive samples expressed from the same tissue possess greater 


3 The plants formed part of a series which were grown by Mr. H. C. Trumble for another 
purpose. The writer is greatly indebted to Mr. Trumble for making the plants available, for 
allowing the results of the dry weight determinations to be incorporated in the present paper, 
and for much information concerning the growth of this species. 
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uniformity than when such treatment is omitted. Such uniformity, however, does 
not indicate a closer approximation to the true sap, since the treatment must 
considerably increase factor (a). A large number of ions is held in the proto- 
plasm by physical means, and many of these must be released, probably along 
with water, after treatments, such as freezing or placing in ether, which coagulate 
the proteins and destroy the protoplasmic organization. It is questionable 
whether Dixon and Atkins’ (1913) discovery that the sap would not plasmolyse 
living cells of the same material is sufficient to disprove the operation of factor 
(a). It was desired to avoid the complication of factor (a), and there is no means 
of assessing the relative magnitude of the effects of the three factors in cases with 
and without the preliminary treatment ; therefore this has been dispensed with in 
the present work. 

Constancy of composition of successive amounts of sap removed from a given 
sample of tissue is desirable, since it suggests the elimination of error due to the 
incompletely controllable amount of sap removed. Newton, Brown, and Martin 
(1926) found that the closest approach to such constancy in the absence of pre- 
liminary treatment is obtained when the pressure is not greater than half an 
atmosphere per square inch. 

Accordingly the following procedure was adopted. The material was cut 
into fragments about 1 inch in length, and as much liquid as possible expressed 
under hydraulic pressure of the above magnitude. The liquid was immediately 
centrifuged for one hour, and the supernatant liquid decanted and used for 
analysis. 

The liquid must have included a certain amount of sap from the conducting 
tissue of the stems, which is probably more dilute than that of living cells. 


Chemical Analyses. 


Potassium was estimated as perchlorate, and calcium by an adaptation of the 
method of MeCrudden by Mr. R. E. Shapter, Officer of the Council for Scientific 
and Industrial Research. 


DISCUSSION OF RESULTS. 
GENERAL SURVEY. 


The experimental results are included in the table and figure. It will be seen 
that the absolute amount of potassium rises till the 6th harvest, although it is 
relatively constant between the 4th and 5th harvests. Loss does not commence 
before the 6th harvest, when senescence was already in progress. Up to the end of 
the experiment the loss is not significant, but the water content at this stage sug- 
gests that senescence of the shoots as a whole was not far advanced, even though 


* The author is indebted to Mr. Shapter for advice on this method. 
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the grain was mature. This may be due to the fact that adolescent tillers were pre- 
sent among those that were senescent or dead. Calcium intake is continuous up 
to the 6th harvest, after which there is an insignificant loss. 

TABLE 1. 


Harvest. 





1 2 3 4 5 6 7 
Dry weight 2-79 24-10 96-42 152-1 189-2 233-5 237-5 
Water 
Total 14-49 141-26 503-70 511-0 482-4 405-7 257-1 
Per cent. 519-3 586-1 522-4 335-9 255-0 173-8 108-1 
Potassium ‘ 
Total 0-00289 00-0246 0-0822 0-105 0-104 0-120 0-112 
Per cent. 0-104 0-102 0-0852 0-0691 0-0547 0-0512 0-0473 
Sap conen. 0-036 0-066 0-076 0-089 0-096 0-188 0-251 
e, 0-00085 0-0093 0-088 0-046 0-046 0-076 0-064 
e, 0-0024 0-0153 0-044 0-059 0-058 0-044 0-048 
Y.foru.=}U0 0-33 0-21 0-18 0-23 0-24 0-22 0-37 
Caleium 
Total 0-00036 0-00303 0-0112 0-0152 0-0204 0-0327 0-0313 
Per cent. 0-0128 0-0126 0-0116 0-0100 0-0108 0-0140 0-0132 
Sap conen. 0-0062 00-0073 0-0091 0-0096 0-0192 0-0250 0-0512 
e, 0-00009 0-0010 00-0046 0-0049 00-0092 00-0101 0-01382 
e+e 0-00027 0-0020 0-0066 00-0103 00-0112 0-0226 0-0181 


Dry weight and total water are given in gm.; total amounts of elements are in gm.-atoms; 
percentage amounts of elements are in gm.-atoms per 100 gm. dry matter; concentrations are in 
gm.-ions per litre. 


Experimental results are printed in roman figures, values of quantities deduced hypothetic- 
ally in italics. 


Mean standard error for dry weight=7-51% of the mean dry weight. 


On a percentage basis potassium undergoes a continuous fall, whereas 
calcium, after falling till maturity, shows a rise and then an insignificant fall 
again in senescence. 

The concentration of both elements in the expressed sap rises throughout the 
whole life-cycle, at a rate that undergoes a great increase after maturity. 


ANALYSIS IN TERMS OF SUGGESTED INTERPRETATION. 


Potassium. 

Although the observed values of y, almost certainly differ from the true 
values, they may suggest the general drift of the true values, and it is to be 
noticed that the continuous increase indicated, becoming greater when U begins 
to fall, is in accordance with the interpretation put forward. The demonstration 
of the apparent increase in y, after maturity must in fact be regarded as the main 
value of the present data. 
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Fig. 1. Ontogenetic drifts in Lolium perenne. Zero time is the date of separation of the 
propagants. The horizontal line marked F indicates the time period over which flowering com- 
menced, and hence approximately the period of maturity. 


It is suggestive, however, to consider the consequences of assuming that the 
observed values of y, do not diifer significantly from the true ones. In this ease, 
if we take U’ as an approximate measure of u, (only in very young tissue is the 
ratio of sap to cytoplasm other than large), we obtain a set of values for e, which 
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is given in the table. These conform in a number of respects to the require- 
ments of the interpretation. It will be seen that de,/d? is positive, not only during 
adolescence, but until the 6th harvest, except for an insignificant fall to zero 
between the 4th and 5th harvests. During adolescence also de,/dt is greater than 
du;,/dt, and it is not until the 6th harvest, i.e. considerably after du,/dt has be- 
come negative, that y, reaches an equilibrium value. Thereafter the further in- 
erease in y, is wholly due to falling ws, and the fall in e,, which is significant, is to 
be attributed to the same cause. In all these respects the data will conform to 
the interpretation if our assumptions are correct. 

We may also consider the implications with regard to K-ions in the eyto- 
plasm. To determine y., which represents a mean value for all cytoplasmic 
phases, we require to know the value of w-. In the table are illustrated the con- 
sequences of supposing that ue—3U. During the greater part of thé lifg-cyele it 
is improbable that «, has such a high value (nor, of course, is it a constant frac- 
tion of U’) ; yet the values of y, so calculated are greater than would have been 
expected in a living cell. There is therefore some ground for concluding that 
either the observed values of y, are low, for reasons already stated, or else a large 
amount of potassium is held in the eytoplasm in a state of adsorption. 

Calculated values of e, show a rise to a maximum at maturity, after which 
there is a fall. The fall might be expected, since a rapid reduction in amount of 
protoplasm probably sets in with the comnencement of translocation of nitrogen 
to the perennating organs. The results indicate, however, that this potassium 
passes into the sap, where equilibrium has not yet been attained. 

All these conclusions must be regarded as only suggestive, and further experi- 
mental work is required to test their validity. 


Calcium. 


As in the case of potassium, the continuous increase in the values of y, adds 
support to the suggested interpretation. 

In the table the values of e, and e-+-e, are presented with the same reserva- 
tions and caleulated as for potassium. It is seen that e, becomes almost constant 
from the 3rd to the 4th harvest; even if this were significant, however, it would 
not indicate an equilibrium, since e, may be rising rapidly during this period, 
and fixation may thus remove ions from sap and cytoplasm as fast as they are 
taken in. Furthermore, e, never attains constancy again, so that there is no sug- 
gestion of equilibrium being attained in the sap. The sum of the remaining 
ealeium fractions increases continuously till the 6th harvest. After the 6th 
harvest there is a considerable decrease. This is not simultaneous with that in the 
case of potassium, and in both sap and eytoplasm there is a tendeney for recip- 
rocal movement of potassium and calcium. It is not, however, considered worth 
while to push this analysis further unless the drifts suggested can be substantiated 
by further work. 








POTASSIUM AND CALCIUM IN PLANTS 109 


SUMMARY. 


The absolute amount of potassium in the whole of an annual or annually 
renascent plant, or in a single leaf or shoot thereof, rises to a maximum at matur- 
ity or during senescence. and then declines until death; that of calcium rises until 
late senescence, and then undergoes no appreciable decline. The relative amount 
of potassium declines throughout the whole life-cycle; that of calcium declines 
during adolescence, and thereafter remains constant or rises. 

Some considerations are presented which form a contribution to an inter- 
pretation of these drifts. 

Potassium occurs in the plant entirely in the ionie¢ state, in cell-sap and in 
cytoplasm ; calcium, in addition to being present in the ionic state in these phases, 
is also fixed chemically and probably almost irreversibly. The amounts of sap 
and cytoplasm probably rise to a maximum at maturity and then decline. The 
absolute amount of potassium may be correlated with this drift, loss setting in at 
such time after maturity as the amounts in the two phases have reached an equi- 
librium. This correlation is based on certain conclusions concerning the factors 
voverning the accumulation of ions in the sap and eytoplasm. The same correla- 
tion may hold for calcium so far as concerns the rise, although here the rise is 
supplemented by fixation. Loss of calcium is probably prevented by low mobility 
and continued fixation. 

Provided the concentrations of K-ions in these phases do not rise too rapidly, 
the fact that the percentages of sap and cytoplasm probably fall from adolescence 
to death may account for the decline in relative potassium content. The decline 
in relative calcium content cannot be analysed, since we do not know the drift in 
the rate of fixation ; but continued fixation must be a factor in the maintenance of 
the relative content after maturity. 

Some experimental data are recorded which conform, as far as they can be 
analysed, to this partial interpretation of the drifts. 


REFERENCES. 


Bartholomew, R. P. and Janssen, G. (1929): J. Amer. Soc. Agron., 21, p. 751. 

Canals, C., Canayé, J. and Cabanes, E. (1930): Bull. Soc. Chim. biol., 12, p. 1022. 

Dixon, H. H. and Atkins, W. R. G. (1913): Sci. Proc. R. Dublin Soe., 13, p. 422. 

Gellhorn, E. (1929): Das Permeabilititsproblem. Berlin. 

Hoagland, D. R. (1925): Hilgardia, 1, p. 227. 

Hurd, A. M. (1924): J. Agric. Res., 27, p. ” 

Janssen, G. and Bartholomew, R. P. (1929): J. Agric. Res., 38, p. 447. 

Kidd, F., West, C. and Briggs, G. E. (1921): Proc. Roy. Soc., B., 92, p. 368. 

MeCalla, A. G, (1933): Canad. J. Res., 9, p. 542. 

Mason, T. G. and Maskell, E. J. (1931): Ann. Bot., 45, p. 125. 

Newton, R., Brown, W. R., and Martin, W. M. (1926): Plant Physiology, 1, p. 57. 

Nightingale, G. T., Schermerhorn, L. G. and Robbins, W. R. (1930): New Jersey Agric. Exp. 
Sta. Bull. 499. 











110 A. H. K. PETRIE 


Nightingale, G. T., Addams, R. M., Robbins, W. R. and Schermerhorn, L. G. (1931): Plant 
Physiology, 6, p. 605. 

Petrie, A. H. K. (1933): Austral. J. exp. Biol., 11, p. 25. 

Richardson, A. E. V., Trumble, H. C. and Shapter, R. E. (1932): Austral. Council Sci. and 
Ind. Res., Bull. 66. 

Rippel, A. (1927): Biochem. Z., 187, p. 272. 

Rippel, A. and Ludwig, O. (1926): Biochem. Z., 177, p. 318. 

Ruzicka, V. (1924): Arch. mikr. Anat., 101, p. 459. 

Teakle, L. J. H. (1929): Plant Physiol., 4, p. 213. 

Wagner, H. (1932): Z. Pflanzenernahr., A, 25, p. 48. 








THE EXCRETION OF SALT BY THE 
HUMAN KIDNEY 


by 
FELIX ARDEN 


(From the Department of Physiology, University of Adelaide). 
(Submitted for publication 4th July, 1934.) 


In view of the uncertainty of our knowledge as to the exact way in which the 
kidney controls its output of water and of solids, the following observations have 
been made on the results of the ingestion of large quantities of various salts by a 
human subject. The experiments have been chosen from ~ series designed to 
investigate certain points in connection with saline diuresis, salt concentration in 
the urine, and the movement of salt and water in the body. The chloride and 
bicarbonate of sodium and potassium have been studied, and a comparison drawn 
between the two basic ions. 


The experiments, which were performed under conditions as nearly as possible uniform, 
lasted from ten to fourteen hours. The bladder was emptied on rising, and again at the end 
of an hour, so that a normal specimen was obtained, which tended to be of high specific 
gravity because no fluid had been taken overnight. The salt under examination was then 
swallowed in 10 p.c. solution, and thereafter the urine was collected hourly and saved for 
analysis. The figures obtained thus represent the mean composition of the urine passed in 
the previous hour. No fluid was taken during the experiments, except when large measured 
quantities of water were consumed as part of the plan. 

Chloride analyses were carried out by the method of Volhard, using 10 ¢.c. samples of 
urine, and estimations were duplicated for accuracy. Urinary bicarbonate was measured by 
the volumetric method of Peters and Van Slvke (1932). Samples of 1 ¢.c. were used, and, 
owing to the nature of the apparatus, the urine had to be diluted eight times for the higher 
concentrations. From the readings so obtained, which indicate total COs in urine, the 
bicarbonate values were calculated by correcting for the free COs, which Gamble (1922) 
found remarkably constant at 4-2 volumes per cent. over a considerable range. This correc- 
tion is negligible with the more diluted urines. The method is open to an error of about 
2 p.c. All bicarbonate estimations were duplicated, and in addition two determinations 
were made on a standard NaHCOg solution with each batch of samples. 

Concentrations have been expressed in terms of normality. (Normal chloride solution 

3-55 gm. Cl per 100 ¢.c. Normal bicarbonate solution = 6-1 gm. HCOg per 100 c.c.) 

Blood chlorides were estimated by the micro-method of Smirk (1927), using paired 

samples of 0-2 ¢.c. The estimations of a standard NaCl solution were made with each batch, 
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EXPERIMENTAL RESULTS. 


In Experiment I, 15 gm. of sodium chloride produced a typical diuresis 
which rose to a maximum of 124 ¢.c. per hour and gradually fell. An additional 
750 ¢.c. of water taken at 8-00 hours did not cheek the declining curve of urinary 
volume. The concentration of chloride in the urine rose for four hours, and 
thereafter remained at a high level in spite of water being taken and in spite of 


the cessation of diuresis. 





O-4N 5 7200 
~~ 
oO a” ~ 
° .° ~. on - 1150 
Zz g be _™ 
° y, we . , 
S d ww 7) 
a . CALORIE ra) 
CENT oO 
2 0-3Nt ENTRATION. 1400, 
4 z 
oS uJ 
= x 
pm | 
ond 
Volume /Hour. ] 50 = 
0°2N | ff 4 ni 2 j - a 











0 6A 2 o 6 8B 10 12 HOURS 


A-NaCtu 15GRAMS 


B- WATER 750C.CS. 
Experiment I. 


In Experiment II an additional 15 gm. of sodium chloride, taken when the 
concentration had reached its maximum, caused no further rise, but the urine 
was increased to nearly double its previous quantity, a second curve of diuresis 
being, as it were, superimposed upon the first. It will be observed that although 
salt was capable of adding to the diuresis, a litre of water failed to do so. 

In Experiments III and TV identical methods were adopted, but potassium 
chloride replaced the sodium salt.. In these experiments the output of fluid was 
slightly increased : 759 ¢.c. and 941 ¢.c. in seven hours, compared with 606 e.c. and 
752 ¢.c. in Experiments I and II. As with the sodium salt, a further 15 gm. of 
potassium chloride produced an additional diuretic response. The chloride con- 
centration curve rose more slowly, and on two occasions it actually fell after the 
salt was taken. The maximum concentration was delayed for 5-6 hours, but 
when attained it was of the same order as after sodium chloride (0-365 N and 
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0-346 N, as compared with 0-266 N and 0-338 N). The curve was maintained 
in the same way at a high level until the end of the experiment. 
The total output of chloride was increased by the potassium salt (Table 1). 


TABLE 1. 


Experiment. Intake. Output. Time. 
I NaCl 15 grams 6-1 gm. Cl. 10 hours 
Il =< lee OOF ss: a m. ws 
Ill KC] 15 ,, » . 
lV gal ee 17-92 ,, : 13 


The quantities of Cl excreted in Experiments III and IV would represent 
23-16 gm. and 37-55 gm. of KCl respectively, if expressed in terms of the potas- 
sium salt. This is considerably more than the amount ingested. It may be con- 
cluded, therefore, that a considerable portion of the chloride lost in these experi- 
ments was in the form of the sodium salt. 
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In Experiment V, 30 gm. of sodium bicarbonate were taken in two doses one 
hour apart. This substance behaves similarly to sodium chloride in that the 
concentration has a limiting value in the urine independent of the rate of exere- 
tion. But the concentration curve of bicarbonate rose more slowly, and took six 
hours to reach its highest point (0-318 N), which is considerably below the level 
obtained with the chloride. The reason that it goes no higher seems to be that the 
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chloride cannot be entirely eliminated from the urine; for the sum of the two 
reached 0-369 N, which approximates the highest concentration obtained with 
chloride in other experiments. These results are in disagreement with the earlier 
work of Haldane, Davis and Peskett (1922), who found that if bicarbonate 
were given without chloride the latter would almost disappear from the uriné. 

In Experiment VI, potassium bicarbonate was taken in a similar manner, 
and, as with potassium chloride, the resulting diuresis was greater and more 
prolonged than with the corresponding sodium salt: 897 ¢.c. in 6 hours, com- 
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pared with 724 ¢.c. The bicarbonate concentration rose rapidly, but did not 
reach as high a level as in Experiment V. The total concentration, however, was 
of the expected order, as the chloride was much less depressed. Indeed, on 
account of the diuresis the actual output of chlorine in this experiment was 
inereased about 24 times. 


DISCUSSION. 


1. Study of these experiments suggests that diuresis is a definite response 
provoked by the ingestion of salt, but one which possesses a time-limit and ceases 
before all the salt has been excreted. Water taken during the experiment does 
not provoke an additional response; indeed, after the curve has begun to decline 
water is unable to cheek its fall. 
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It has been commonly supposed that dilution of the plasma proteins is re- 
sponsible for this form of diuresis, but if this were so additional salt would be 
expected to cause a temporary fall in the urinary volume, because water passes 
out of the blood at first to dilute the hypertonic solution in the gut. Conversely, 
one would expect a litre of water to increase the volume of urine at least slightly, 
for it must be absorbed via the blood stream. Salt, however, increased the 
diuresis ; and water was without effect. It seems, therefore, justifiable to conclude 
that although blood dilution may be capable of causing diuresis under certain 
experimental conditions, there must be some other factor responsible for the 
increase in urinary volume which accompanies the elimination of salt. 
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It is not possible, moreover, to explain all the phenomena on the hypothesis 
of Adolph and Erieson (1927), who state that, when taken in large amounts, salt 
tends to be excreted in maximal concentrations; they consider, moreover, that 
water is eliminated solely because it is required for the convection of solutes. 
This is equivalent to the conception of a ‘‘tubule diuresis’’, on the assumption 
that all salts behave as no-threshold substances when present in excess. But 
diuresis should oeeur (as is shown here) before the upper levels of concentration 
were reached, and almost invariably ceased while the latter was still high and 
while there was still surplus salt in the body. If the hypothesis of these workers 
were correct the curves should be parallel and diuresis continue until all the salt 


had disappeared. 
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As yet we have no adequate explanation for the diuresis in such experiments. 
The increase in both volume and concentration of the urine implies more glomeru- 
lar filtration; but there is no evidence that the rate of filtration from any one 
glomerulus is increased, and the occurrence of blood dilution is doubtful. It is 
more likely that further renal units come into action, thus increasing the ¢.imina- 
tion of water and of salt without affecting the concentrating capacity of the 


tubules. 
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Experiment V. 


It may be that the primary factor in salt diuresis is an increase in the con- 
centration of ions in the plasma, and not a dilution of the plasma proteins, the 
former providing a stimulus, the result of which is the opening of more glomeruli. 
The decrease in the output of water may be due to the passage of electrolytes into 
the tissues, its cessation being due to the return of the plasma to normal composi- 
tion with the resulting abolition of the stimulus. All the salt need not have left 
the body ; but there is no excess of it in the blood. It may be that individual ions 
provide stimuli of different strength, for potassium salts cause more diuresis than 
sodium salts. 

It is likely that the kidneys play a secondary—though an effective role. The 
changes produced by the absorption of the salt may act upon some region which 
is sensitive and capable of discrimination, the kidneys themselves being governed 
by impulses from this region. They do not respond directly to changes in the 
blood. It is known that hydraemia may occur without diuresis, and vice versa; 
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this could not happen unless the kidneys were dependent upon external control. 

2. The curves for concentration and diuresis do not run parallel to one 
another. They rise at unequal rates, reach their maxima at different times, and, 
in particular, water excretion falls off after a certain number of hours, whereas 
the concentration remains high as long as there is an excess of salt in the body. 
It would seem that the factor responsible for the rise in concentration during 
the elimination of salt is different from the factor which provokes the diuretic 
response. 

Ambard (1909) has stated, on insufticient grounds, that a constant relation- 
ship exists between the concentration of each substance in the blood and the rate 
of its excretion at a given moment. But in recent years many observers have 
shown that a given kidney does not react in the same manner to a given blood 
constitution on every occasion. In Experiment VII the blood chloride returned 
to normal within five hours, whereas the urinary chloride remained high. 


EXPERIMENT VII. 


Hours. Volume per hour. Urinary Chloride. Blood Chloride. 
1.00 36 ©.c. -250 N 42% 
NaCl 20 grams at 1.00 hr. 

2.00 52 e.c. -304.N -44% 

3.00 111 cc. +354 N a 
3.15 - 47% 

3.45 - — 44% 

4.00 129 c.c. +352 N _ 

5.00 130 e.c. -344 N 44% 

6.00 159 c.c. 327 N —_ 

6.30 _- 42% 

7.00 125 ¢.e. -323 N — 

7.30 - -43% 

8.00 81 c.c. -337 N — 

Water 1,000 ¢.c. at 8.00 hours. 

9.00 73 ce. -306 N *42% 
10.00 79 c.¢. +252 N — 
10.30 — _ “43% 
11.00 72 e.c. -246 N — 


Austin and Jonas (1918) concluded that after feeding large amounts of salt 
there is no relationship between the increase in plasma chloride and the perecent- 
age increase in urinary chloride in dogs. Cope (1931) has found that with a 
given urea concentration in the blood the rate of its excretion varies very con- 
siderably at different times, even when the urinary volume is maintained constant. 
Rehberg (1926) has shown a similar irregularity for creatinine. It is not sur- 
prising, therefore, that attempts to correlate blood and urinary composition by 
mathematical formulae have met with little success. A rise in the concentration 
of any substance in the urine must depend upon other factors than changes in the 
blood. 

Perhaps Cushny was right in imputing no discrimination to the reabsorp- 
tive activities of the tubules, but there must be some means whereby they are 
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made aware of the bodily needs; for they are able to retain or to diseard salt as the 
occasion arises. The evidence suggests the presence of an extra-renal controlling 
factor, not sensitive, however, to changes in blood composition, as we have sup- 
posed the hypothetical ‘‘centre’’ governing diuresis to be. Concentration seems 
to be determined by the excess of salt in the body as a whole, and remains high 
until all is eliminated. 
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Experiment VI. 


3. Both salt and water pass into and out of the blood stream with great readi- 
ness. - If hypertonic saline is given intravenously, almost the whole of the body- 
water is available to dilute it (Hetherington, 1931). And, as it is obvious that all 
this water could not pass into the blood, we must suppose that salt diffuses into 
the tissues to meet it. In Experiment VII the greatest change in the blood 
chloride after the ingestion of 20 gm. of salt, was from 0-42 p.c. at the beginning 
of the experiment to 0-47 p.c. at 2-00 hours. This represents an increase of 
0-05 p.e. NaCl in the circulating blood, a total of 3 gm. if the blood volume be 
calculated at 6 litres. But at this period there must have been at least 16 gm. of 
surplus salt in the body, for sufficient time had elapsed for its absorption and less 
than 4 gm. had been excreted. If all this salt had remained in the blood stream it 
would have produced an additional concentration of 0-26 p.ec. NaCl. If, on the 
other hand, it had been distributed among the entire body-water (60 p.c. of the 
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body-weight ) the additional concentration to be expected would have been about 
0-043 p.c., which was approximately the figure obtained. 

Dennis (1923) has produced evidence to show that the degree to which 
diffusion of salts occurs depends upon the individual ions, and that the various 
ions move independently of each other in the tissues. This is the explanation of 
the increased loss of chloride caused by taking potassium bicarbonate. Dissocia- 
tion occurs, so that KIHICO, and NaCl (from the plasma) became partly con- 
verted into NaHCO, and KCl. The latter, being a substanee which the body has 
little capacity for storing, demands excretion along with the unchanged potas- 
sium bicarbonate. The extra urinary chloride is almost certainly in the form of the 
potassium salt. It is noteworthy that the concentration curves for Cl and HCO; 
in Experiment VI resemble those of another experiment (not shown), in which 
sodium bicarbonate and sodium chloride were taken simultaneously. They do not 
resemble those obtained when sodium bicarbonate was taken alone. 

4. Comparison of Experiments I! and IV reveals a difference in the water- 
retaining properties of sodium and of potassium chloride; 30 gm. of each sub- 
stance were followed in each case by a litre of water at 9-00 hours. No effect was 
produced in Experiment I1, but after the potassium salt additional diuresis re- 
sulted, in spite of the fact that more fluid had been lost in the latter experiment. 
This indicates that potassium salts have less power of holding water in the body, 
perhaps because they diffuse less readily into the tissues. These facts are in 
accordance with the common observations that isotonic KCl solutions cause 
diuresis, whereas isotonic NaCl is retained ; and also that sodium salts accentuate 
the oedema of nephritis, whereas potassium salts are without effect. 

Even so, potassium salts must possess this power in some degree, for they 
differ greatly from urea, which has none. In an experiment in which a litre of 
water was taken seven hours after 50 gm. of urea, there was no water retention: 
diuresis continued steadily, and 964 ¢.c. of urine were passed in eight hours. 

SUMMARY AND CONCLUSIONS. 

1. The mechanism of salt diuresis is discussed. It is suggested that the re- 
sponse of the kidney is controlled by some centre sensitive to the concentration of 
electrolytes in the plasma. Increase of concentration, rather than hydraemia, 
provides the stimulus. 

2. The concentration of a given constituent in the blood is not the most 
important factor in determining its concentration in the urine. 

3. Additional intake of water during a diuresis caused by sodium chloride 
does not produce an increased elimination of water, such as results when water is 
taken during a diuresis due to potassium chloride. 

4. Ingestion of 30 grams of sodium bicarbonate resulted in a maximum 
urinary concentration of bicarbonate of 0-318 N. The total sodium salt concentra- 
tion being 0-369 N. Excretion of sodium chloride was not completely suppressed. 
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EXPERIMENTAL OBSERVATIONS UPON THIRST 
AND ON POTASSIUM OVERDOSAGE 


by 
FELIX ARDEN 


(From the Department of Physiology and Pharmacology, 
University of Adelaide). 


(Submitted for publication 4th July, 1934.) 


In the experiments reported separately in the preceding paper in this Jour- 
nal (p. 111), observations have been made on the thirst that appears when a 
large quantity of salt is ingested. In no case can the water output be regarded as 
excessive, and this factor can be disregarded. Experiment VII (p. 117) is 
typical : 20 gm. of NaCl were taken in 200 ¢.c. of water. The first feeling of thirst 
occurred after thirty minutes; at the end of an hour the mouth was becoming 
dry; at two hours the secretion of saliva had entirely ceased, the mouth was 
parched, and thirst excessive. This state lasted for some time, and began to pass 
off gradually, but when the time came for water to be taken (seven hours after 
the salt) it had already almost disappeared. At this stage there was still a con- 
siderable amount of excess salt in the body. The question has been discussed 
elsewhere, and the conclusion arrived at that such salt is ‘‘stored’’ in a manner 
that prevents it entering into many of the bodily activities. 

The sensation of thirst does not run parallel to the chloride concentration 
curve in the urine. The former was, in all experiments, a self-limited process, 
which ceased before all the salt was eliminated from the body. The concentration, 
on the other hand, remained high until the end of the experiment on nearly every 
occasion, and continued to do so until no excess of salt remained. Moreover, 
a large quantity of water at once abolished thirst, whereas it was without effect 
upon the concentration. It may be concluded that the factor which controls the 
latter is not responsible for the sensation of thirst ; or, in other words, that thirst 
is not directly dependent upon the excess of salt in the body as a whole. 

Although the amount of water exereted in these experiments is not respon- 
sible, it is still possible that thirst and diuresis have a common cause, since both 
appear within a short time of the ingestion of salt, and both are self-limited re- 
sponses. They come to an end before all the salt is eliminated. 

But thirst does not depend solely upon changes in the plasma. It appeared 
on the first day in dogs subjected to deprivation of water (Cannon, 1918), 
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whereas alteration in blood composition was not detected until the third day. In 
experiment VII the plasma chloride rapidly returned to its normal level, and the 
diuresis which was dependent on this began to abate after the third hour. The 
sensation of thirst was longer maintained, and although it is a self-limited process, 
it took more time than the diuresis to disappear. 

It is more probable, then, that the feeling of thirst has its origin in the tissues 
rather than in the blood. In this situation it can be produced by the total excess 
of salt or by its concentration in the tissue-fluid. We have seen that the former 
controls the concentration of the urine. the latter being more likely to be respon- 
sible for the sensation of thirst. The composition of the tissue-water tends to 
return to normal, as does that of the plasma. Eventually this object is attained 


‘ 


by the ‘‘storage’’ of salt in a more or less inactive state. Here, then, we have a 
self-limited process which is complete before all the salt is eliminated; which is 
different in nature from the factors governing diuresis and the concentration of 
the urine; and which can be produced equally well by withholding water or by 
providing salt. 

One important point deserves consideration. Thirst is not controlled by the 
total concentration of ions in the tissue fluid in the same way that diuresis is con- 
trolled by the total concentration in the plasma. For when potassium salts are 
given there is no thirst. The same results were obtained with potassium bicar- 
bonate as with the chloride. Sodium bicarbonate, on the other hand, produced 
almost as much thirst as sodium ehloride. And yet the same level of urinary 
concentration was reached in each case, and the diuretic response to potassium 
salts was the greater of the two. It is possible that thirst is governed by the 
sodium ion alone. 


Potassium Over-dosage. 

In Experiments III, IV, and VI of the previous paper (pp. 114-116) symp- 
toms appeared about forty minutes after taking 15 gm., or more, of a potassium 
salt, and lasted from three to four hours. At first there was a sense of tingling in 
the hands and feet, metallic taste in the mouth. and a watery discharge from the 
nose ; later there was very definite loss of power in the limbs, shown by difficulty in 
climbing stairs, severe paraesthesia and unsteadiness in walking. With this there 
was prostration, nausea, and abdominal pain. No diarrhoea occurred and no 
vomiting. Potassium is known to be a muscular depressant, and these manifes- 
tations are in keeping with the pharmacology. The literature contains no refer- 
ence to the action of potassium upon the peripheral sensory nerves, which was the 
most striking—and unpleasant—feature of these experiments. 
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The Golgi apparatus, an area of argentophilie and osmiophilic cytoplasm 
occurring in the cells of animals and plants, was discovered by Golgi in 1898. 

Pensa (1899) applied the Golgi technique to the cells of the adrenal gland, 
and found a similar area of cytoplasm in all the adrenal gland cells. According 
to Rogoff and Stewart (1932), he observed that the Golgi apparatus possessed a 
globular form in some cells, and that this was in some cases bounded at the 
periphery by a thicker strand of black material, and several black filaments 
crossed and recrossed the central space, attaching themselves at either end to the 
thick rim. The form of the apparatus is said to vary according to the form of 
the cell. Pensa’s work was conducted on the adrenals of the guinea-pig, the 
kitten, and the adult eat. Ricei (1924) claimed also, according to Rogoff, that 
the shape of the apparatus varied according to the shape of the cell, and that the 
apparatus was larger in the clear cells and smaller in the dark cells. In the 
medulla, Ricci (1924) found the Golgi apparatus varied in shape according to 
the seeretory state of the cells, being a compact network where the cell was 
packed with chromaffin granules, and being larger and more diffuse where only 
a few granules were present. 

Vincent and Curtis (1927), working on the Teleostean corpuscles of Stan- 
nius, found that the Golgi apparatus took the form of a network fitting as a cap 
over one end of the nucleus. In the interrenal tissue they found the apparatus 
greatly reduced in size. 

Merland (1929) found a progressive vacuolation of the cortical cells in a 
pregnant guinea-pig, as the medulla was approached. He found filaments from 
the Golgi apparatus running into the vacuoles and becoming continuous with the 
line of precipitated black material along their margins. Merland found no 
change in the Golgi apparatus of an adrenal undergoing compensatory hyper- 
trophy following the removal of one gland. Merland used Da Fano’s Golgi 
method and Ricci, Cajal’s method. These techniques are the best for adrenal 
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gland work, since the techniques in which osmium tetroxide is used tend to stain 
the numerous lipoidal substances present. 

The following study has been conducted in the hope that the increase in our 
knowledge of the chemistry of the adrenal within recent years, especially the 
work dealing with the presence of vitamin C in the gland, will help to shed some 
light on the significance of the Golgi apparatus in the adrenal, particularly in the 
cortical cells. 


METHOD AND TECHNIQUE. 


Golgi preparations were made of the adrenal glands of a number of opos- 
sums (Trichosurus vulpecula), of an Australian flying phalanger (Petaurus 
breviceps), and of young albino rats of various ages, from new-born specimens up 
to those of three weeks of age. 

In all cases Da Fano’s cobalt nitrate-silver nitrate technique was employed for the 
demonstration of the apparatus. This lessened the possibility of the Golgi material being 
confused with the free lipoid of the cortical cell. The use of silver nitrate, however, 
brought about the necessity for differentiating between granules of Golgi material and those 
of vitamin C. Where vitamin C preparations of adrenals were made, using silver nitrate, 
differentiation from the Golgi material was obtained by treatment of the tissue before 
impregnation with silver nitrate, with alcohol, ether, or chloroform, or by the use of alcoholic 
silver nitrate. 

In carrying out preparations of the Golgi apparatus the possibility of confusion of frag- 
mented pieces of Golgi material with granules of vitamin C was excluded in the following 
way: 

Since the Golgi material usually does not become impregnated in the cells until reduce- 
tion with hydroquinone has taken place, test pieces of the tissue, fixed for the demonstration 
of the Golgi apparatus, were sectioned following treatment of the tissue with silver nitrate 
but prior to reduction by hydroquinone, Any vitamin C undissolved by the fixative would 
tend to show in these sections. The fixation of the tissue in aqueous formaldehyde, however, 
appears to dissolve out the greater part of the vitamin C, and a satisfactory differentiation 
between the two substances was obtained. 

In making the Golgi preparations, it was found that the best results were obtained if 
the time of fixation were reduced to three or four hours; if fixation were continued longer 
than this, there appeared to be a tendency for the entire ceil to become impregnated, and no 
clear picture of the Golgi material was obtainable. 





EXPLANATION OF FIGURES 

Figures 1, 2, 3, and 4. Cells from the zona glomerulosa of the adrenal of Trichosurus 
vulpecula, Showing the varying form of the Golgi apparatus. 

Figure 5. Showing the Golgi apparatus fragmented among the lipoid droplets of a zona 
fasciculata eell. (Trichosurus.) 

Figures 6, 7, 8, and 10. Showing various forms of compact Golgi apparatus in the fasciculata 
cells. (Trichosurus.) 

Figure 9. Compact Golgi apparatus commencing to break apart and hypertrophy in a 
fasciculata cell. (Trichosurus.) 

Figures 11 and 12. Two types of hypertrophy and fragmentation of the Golgi apparatus 
of the fasciculata cell. (Trichosurus.) 
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The fixative was composed of the same proportions of cobalt nitrate and 10 p.c. forma- 
lin as those described by Lee, but the 10 p.c. formalin was made up from commercial 
concentrated formalin, using normal saline instead of distilled water. The form of the cells 
was found to be much better preserved when the normal saline was used. 

Apart from this departure, the technique and the fluids used were similar to those 
described in current text-books on the subject. 


The Golgi Apparatus in the Adrenal Glands of Young Rats. 


In the adrenals of young rats from twenty-four hours to eight days old, the 
cells of the zona glomerulosa showed the Golgi apparatus in the form of a small 
black knot, with branches extending over the nucleus. In some of the cells of the 
zona fasciculata the Golgi apparatus was in the form of granules. In some cells 
there was a very dense aggregation of lipoid globules within the cell, and scat- 
tered between them were a number of granules, which were presumably Golgi 
material; no formed apparatus could be seen. This association of the black 
granules and lipoid globules made these cells appear dark in contrast with other 
cells of the cortex in which there are fewer lipoid globules, and a true apparatus 
associated with the nucleus. In the medullary cells, the Golgi apparatus was 
invariably in the form of a cap over one side of the nucleus, sending small 
branches over it, and not oriented in any particular direction. 

In the adrenals of a young rat two weeks old, the three zones of the medulla 
of the adrenal showed the presence of typical forms of the Golgi apparatus situ- 
ated like caps over the nuclei, always on the side near the distal portion of the 
cell. In the inner regions of the zona fasciculata, where there was a greater num- 
ber of lipoid granules, the apparatus itself appeared reduced in size and flattened 
against the nucleus. In these cells numbers of granules made their appearance 
between the lipoid globules. These cells appeared to represent a final stage of the 
association of the lipoid globules with the Golgi apparatus (other stages are given 
later). That is, the Golgi apparatus, which had hypertrophied, had now largely 
fragmented, and the remainder of the apparatus was attached closely to the 





EXPLANATION OF FIGURES 
Figure 13. Zona reticularis cell (Trichosurus) showing the Golgi material completely 
fragmented into granules. This suggests the beginning of cell degeneration. 


Figure 14. Globules of lipochrome pigment scattered through a reticularis cell (Tricho- 
surus), Golgi material is seen as lumps of black material also scattered through the cell. 





Figure 15. The globules of lipochrome have run together and the yellow pigment has 
diffused through the cell, which appears a bright yellow. The clumps of black material represent 
the Golgi apparatus. 

Figure 16. A few large globules of lipochrome with associated Golgi material. (Reticularis 
eell, Trichosurus.) 

Figure 17. Showing indentation of the nucleus by lipochrome globules. 

Figure 18. Showing the typical form of the Golgi apparatus in the medullary cells of 
Trichosurus. 

Figures 19 to 26. Various forms of the Golgi apparatus in the cells of the zona glomerulosa 
of the adrenal of Petaurus breviceps. 
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nucleus. In the medulla the apparatus was typical. Some of the endothelial 
cells lining the sinuses of the zona fasciculata showed the Golgi apparatus very 
well. The nuclei in these cells was elongated, and the apparatus was divided up 
into two or three masses connected by more or less fine filaments, such as Pensa 
found in the more elongated type of adrenal cell. The apparatus was typically 
associated with one side of the nucleus. 


The Golgi Apparatus in the Adrenal Gland of a Female Non-pregnant Petaurus 
breviceps. 

The general form of the Golgi apparatus varied fairly widely, although it 
was more or less typical in the various zones. In the zona glomerulosa cells the 
nucleus was closer to one end of the cell, and the Golgi apparatus occurred con 
stantly on the distal side of the cytoplasm. It took the form of a network of 
black threads, occasionally black knobs, or of large knobs attached by a thin 
thread of black material. Another form was that of a tangled net attached to 
about one-third of the circumference of the nucleus. A further net-like form 
contained two or three large masses of black material in the centre, and sent fine 
branches ramifying over the circumference of the nucleus. Other cells showed 
the Golgi apparatus as fine threads extending over the surface of the nucleus, 
while similar cells showed the apparatus in the form of a tightly coiled mass just 
touching the nucleus. In some cells the Golgi apparatus was in the form of a 
mass of black material some distance from the nucleus, but the former sent three 
or four strands to touch the surface of the nucleus. 

In another cell the apparatus was in the form of a twisted, apparently con- 
tinuous thread extending across the body of the cell. The apparatus in this, and 
also in some other cells, showed the dual structure of the Golgi apparatus which 
has been found in the apparatus of the cells of some other organs; that is a 
chromophobie and a chromophilie portion. In this form the main thread of the 
apparatus is grey in appearance (chromophobic), and seattered along it are in- 
tensely black granules (chromophilic). Where this form of the Golgi apparatus 
occurred there did not appear to be any loose ends, the thread seeming continuous. 





EXPLANATION OF FIGURES 
Figures 27, 29, 30, 34, and 35. Various forms of hypertrophy and fragmentation of the 
Golgi apparatus of the cells of the zona fasciculata of Petaurus breviceps. 





Figure 28. A compact form of the apparatus commencing to break up and hypertrophy. 
Fasciculata cell, Petaurus. ‘ 

Figure 36. A compact form of the apparatus commencing to break up and hypertrophy. 
Fasciculata cell, Petaurus. 

Figures 31, 32, and 33. Forms of the compact Golgi apparatus in the fasciculata cells of 
Petaurus. 


Figure 37. A compact Golgi apparatus at a high magnification. Nodes of chromaphilic 
substance are scattered along a strand of chromophobic substance. 


Figures 38 to 43. Various forms of the Golgi apparatus in the cells of the zona reticularis 
of the adrenal gland of Petaurus. 








NAL 


ADRE 


_ 
4 


GOLGI APPARATUS OF THE 





fe. 





YO 5 < 

32889598 
9 Oc (>a YO 
O0oz 























130 GEOFFREY BOURNE 


In another cell the apparatus was found to be composed of a network of fine 
branching threads with black knobs seattered along them. Numerous free ends 
to the threads could be seen. 

In the zona fasciculata there were two distinct types of Golgi apparatus. The 
first may be described as the compact type and the second as the diffuse type. 





Figures 44 to 47. Forms of the Golgi apparatus in the medullary cells of the adrenal of 
Petaurus. 


Figures 48 and 49. Showing the forming lipoid droplets surrounded by a mass of fatty 
material diffused in the cytoplasm. 


In some cells, among the lipoid globules and removed from the nucleus, the 
apparatus appeared in the form of a circle or oval, the area enclosed by the appar- 
atus being crossed by numerous coarse and fine threads. At times a variation of 
this type oceurred in the form of a small tangled network of black filaments, 
either attached to the nucleus or removed to the distal portion of the cytoplasm. 
The diffuse type of apparatus was quite common and in some cells was of con- 
siderable dimensions. The diffuse type consisted, generally speaking, of a network 
of black threads, which occurred on the proximal side of the nucleus, half en- 


circled it, and then descended into the distal cytoplasm. It was of some signifi- 
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Figure 50. Zona fasciculata cell of Petaurus. Golgi apparatus enveloping the nucleus. 
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tending down among the lipoid globules. (X 3,800.) 








Figure 51. Zona fasciculata cell of Petaurus. Golgi apparatus showing first signs of 
hypertrophy. An arm of Golgi material with nodes of chromaphil substance may be seen ex- 
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eance that in the cells where the diffuse type of apparatus was found, numerous 
black granules could be seen scattered amongst the lipoid globules. This did not 
occur in the cells which possessed the compact type of Golgi apparatus. 

The cells of the zona reticularis showed a distinctly different type of Golgi 
apparatus from that of the preceding zones. In some eases the apparatus 
appeared in the form of a group of black granules, or of a flattened thread prac- 
tically surrounding the nucleus. The granules and the intimate association of 
the Golgi apparatus with the nucleus are characteristic of this zone. The occur- 
rence of these two states of the Golgi apparatus (particularly the granular) is 
in distinct agreement with the conception that the cells in this region are degen- 
erating. It is well known that the Golgi apparatus is a most sensitive indicator of 
cell degeneracy, the slightest injury causing the breaking up of the apparatus 
into granules. ‘ 

In the medulla the Golgi apparatus was varied in form. In many eells it 
tended to flatten around the nucleus, particularly in those in which the nucleus 
was large and the cell body small in proportion. In one or two cells, branches 
of the apparatus extended right round the nucleus. In others the apparatus was 
in the form of a tangled network, showing no signs of extensive ramification 
through the body of the cell, as seen in some of the cortical cells; and it was 
usually of a smaller size than the compact apparatus of the cortex. 


The Golgi Apparatus in the Adrenal of the Opossum, Trichosurus vulpecula. 


Beneath a thick cellular capsule the zona glomerulosa cells showed a small 
flattened Golgi apparatus attached to the nucleus, usually on the distal side. 

In the zona fasciculata the Golgi apparatus was in the form of a net in the 
distal portion of the cytoplasm of the cell. Its varied form may be seen in the 
figures. It frequently formed spherical structures as large as the nucleus and 
crossed by bands of varying thickness. Where numbers of lipoid droplets 
occurred within the cell, small argentophile granules, not to be confused with 
vitamin C granules, were seen scattered amongst the droplets. This was associ- 
ated with an enlarged apparatus. Stages of the breaking up of the Golgi appar- 


EXPLANATION OF FIGURES 
Zona fasciculata cells from Trichosurus adrenal, 

Figure 52. Golgi material is breaking up and undergoing hypertrophy. (x _ 1,800.) 

Figure 53. In the cell just to the right of the centre the Golgi apparatus may be seen to 
have fragmented through the entire cell except the lower portion, into which an arm of Golgi 
material, showing chromaphilic nodes. may be seen to have penetrated. (X 1,800.) 

Figure 54. Two cells showing hypertrophy of the Golgi material. The cell on the right 
shows the apparatus not completely fragmented as may be seen in the cell on the left. Near 
the lower right corner of the right hand cell the compact Golgi apparatus of another cell may be 
seen; and near the bottom of the picture a compact Golgi apparatus is commencing to hyper- 
trophy by putting out arms of Golgi material. (Xx 1,800.) 

Figure 55. The Golgi material may be seen partly fragmented and partly hypertrophied 
around the nucleus in the centre of the figure. (xX 1,800.) 
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Fig. 54. Fig. 55. 
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atus may be observed in the varying cells. In one cell the remaining unfrag- 
mented portion of the apparatus took the form of a single thick strand of black 
material lying across the nucleus. 

In the zona reticularis, most of the cells were observed to possess a Golgi 
apparatus which was fragmenting into minute granules quite distinet from the 
large drops of black material seen in the fragmenting apparatus of the fasciculata 
cells. In certain cells at the border of the zona fasciculata and the zona recticu- 
laris, in which the eytoplasm was stained bright yellow, owing to the presence of 
lipochrome pigments, the Golgi apparatus was observed to be in the form of 
black drops seattered through the cytoplasm. In some cells lipoid droplets un- 
coloured by lipochrome could also be seen. In the outer region of the zona 
reticularis, cells could be seen with enormous vellow globules, some of them two 
or three times as large as the nucleus. In one of these the nucleus was pushed 
into the form of a three dimensional triangle by the pressure of the globules. The 
Golgi material was scattered in the form of large black drops on or around the big 
yellow globules in one case, and in another it extended between the globules in 
the form of strands. 

In the medulla the Golgi apparatus appeared to be made up of a twisted mass 
of separate black filaments, numerous free ends being apparent. Nodes occurred 
seattered along the filaments, appearing like black beads. 

No differentiation of the Golgi apparatus into chromophobic and chromo- 
philic portions, such as was found in the eells of the Petawrus adrenal, could be 
found in the adrenal cortical cells of the opossum 


DISCUSSION. 


The results obtained appear to point to the association of the Golgi appar- 
atus with either the production or the subsequent elaboration of the lipoid drop- 
lets. In many cases lipoid droplets could be seen occupying the interstices of the 
Golgi network. The definite hypertrophy of the apparatus usually associated 
with varying degrees of fragmentation, points to its possession of some important 
functional significance in the adrenal gland cell. The tendency towards frag- 
mentation and condensation of the apparatus around the nucleus in the cells of 
the zona reticularis indicates that this zone is one of dying cells. The association 
of the Golgi material with some of the cells of this region which cortain quantities 





EXPLANATION OF FIGURES 
Figure 56. Petaurus adrenal. Fasciculata cell. The Golgi apparatus may be seen to have 
broken into two (a small piece and a long rod) in the cell just above the centre. In another 
cell above this cell and to the left, the apparatus may be observed to have broken into three 
pieces, each piece starting to hypertrophy. In the tower left-hand corner a compact Golgi 
apparatus may be seen. 
Figure 57. Petaurus. Fasciculata cell. To the right of the centre a cell may be seen 
which contains a very typical compact apparatus. A further one may be seen near the right- 
hand corner. 
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of yellow lipochrome pigment is of doubtful importance. Since these pigments 
are soluble in lipoidal material it is probable that the coloured globules possess a 
lipoid base. Some of the cells contain a number of globules of lipochrome and in 
others only a few large globules occur. In other cells there are no globules pre- 
sent, and the pigment is diffused through the cell. The Golgi material is scat- 
tered through the cell in amorphous masses. It appears that the association of 
the Golgi material with these pigmented globules in this zone is purely fortuitous. 
Presumably, as the cell degenerates, the lipoidal material runs together in in- 
creasingly larger and fewer droplets, and in the later stages, where cell break- 
down has proceeded to a greater extent, the globules no longer remain as formed 
entities in the cytoplasm, but collapse and liberate their contained pigment 
through the cell. 

The presence of two distinct types of apparatus is enigmatical, particularly 
where they oecur in cells which are microscopically in the same condition. The 
inference is that the lipoid globules, although they may or may not be formed as 
a direct result of the agency of the Golgi apparatus, are in some cells subjected 
to the action of the material (cells showing hypertrophied Golgi apparatus), and 
in others no further elaboration of the formed droplets takes place so that the 
ripened’’ or an 


se 


lipoid droplets may be discharged into the blood stream in a 
‘‘unripened’’ condition. Another explanation is that the compact apparatus 
subsequently hypertrophies, and this is perhaps more likely. 

The lipoid globules once formed may become surrounded by a film of vitamin 
C. In the case of vitamin C preparations of the human foetal adrenal gland, 
granules of the vitamin which appeared solid under low power, took, under higher 
magnification, the form of a ring, and the interior of this ring has been shown to 
contain lipoidal material. These droplets of lipoid were very much smaller than 
the main body of lipoid droplets scattered through the cortical cell. The ring- 
shaped nature of the vitamin C granules is clearly seen in fig. 59. 

With regard to the Golgi apparatus. small masses of the apparatus are asso- 
ciated in some cells with the lipoid droplets, and it is therefore necessary to 
explain the association of two distinct chemical substances with the lipoid droplets 
of the cortical cell. 

Bowen (1926) has dealt with the association of the Golgi apparatus with 
secretion in various gland cells, and in the glands containing lipoidal secretions 
such as the Meibomian gland, Harderian and inguinal glands of the rabbit and 
the oil glands of the chicken and the duck, he found that the Golgi apparatus 
hypertrophied, and that as the lipoid granules grew in size the Golgi apparatus 
grew also and commenced to fragment, then the drops of lipoidal material ran 
into larger globules, and each globule bore fragments of Golgi apparatus. An 
hypertrophied, partly fragmented Golgi apparatus is found in some adrenal cells 
associated with a large number of lipoid globules, but cells with an equally large 
number of lipoid globules show a compact Golgi apparatus. The fact, however, 
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that fragments of the Golgi apparatus may be found associated with the lipoid 
droplets points to some relation between them. Vitamin C may be associated with 
these globules, as well as having its association with the smaller droplets found in 
the centre of the granules of the vitamin. Both the Golgi apparatus and vitamin C 
appear, therefore, to play some part in the elaboration of the lipoid globules of 
the adrenal cortical cell. 

It is of interest that, in Petawrus adrenals, cells containing only a few lipoid 
droplets have an area of cytoplasm surrounding the droplets which stains black 
with osmium tetroxide. Also this region is bleached by the action of turpentine. 
These facts indicate the presence of unsaturated fat. 

In view of the lipoidal core of some of the vitamin C granules, it would 
appear that it is under the influence of vitamin C in the adrenal cortical cells that 
genesis of the lipoid globules takes place. The divergent chemical nature of 
lipoids and vitamin C would make it unlikely that the molecule of the vitamin is 
associated directly with the production of the lipoid globule; it is probably some 
indirect action associated with its reducing capacity. The fatty material sur- 
rounding the first few lipoid drops may be a by-product of the chemical reactions 
leading to the production of the lipoid droplets, or it may actually be in the pro- 
cess of being incorporated into the forming droplets. While the genesis of these 
droplets is taking place and they are gradually filling the cell, the Golgi apparatus 
remains small and compact. Shortly after the droplets have filled the cell, the 
apparatus hypertrophies and fragments, condensing around the lipoid globules 
and further elaborating them until they are ready to be secreted. 

It is in favour of this suggestion that in none of these preparations has a cell 
been seen with only a few lipoid droplets and an hypertrophied Golgi apparatus, 
whereas the fact that a compact apparatus is seen frequently in a cell which con- 
tains a relatively large number of lipoid droplets may be a stage just before the 
apparatus hypertrophies. 

From evidence which is being accumulated, it would seem that the lipoid 
droplets are closely related to the cortical hormone (cortin). The hormone is 
extracted from the adrenal cortex by lipoid solvents, and Grollman and Firor 
(1934) have shown that the hormone is definitely not a protein. Also its produc- 
tion appears to be associated with vitamin C, and the present author has shown 
in this and in a previous paper (1933, b) that a substance which is probably 
vitamin C appears intimately bound up with the production of the cortical lipoids. 
Lockwood and Hartman (1933) have found that injections of cortin delay the 
symptoms of vitamin C deficiency. 

Vars and Pfiffner (1934), however, have been unable to prevent scurvy in 
guinea pigs by injections of cortical extracts. It is nevertheless possible that the 
lack of cortin is one of the factors causing the clinical manifestations of the dis- 
ease (Bourne, 1933 b). 

Huszak (1933) has shown that vitamin C is present in the medulla and cortex 
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Figure 58. Petaurus. Glomerulosa cells. Showing the various forms of the apparatus 
associated with the nuclei. (x 3,000.) 
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Figure 59. The foetal cortex of the adrenal of a human foetus (50 cm.). The ring of 
vitamin C around the globules of lipoid may be easily seen. (X 4,000.) 
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of the adrenal in approximately equal concentrations, and this is quoted by Vars 
and Pfiffner as a reason against the specific value of the vitamin in cortical meta- 
bolism. It is quite possible that vitamin C may have more than one function in 
the gland, and its value in the medulla has been suggested by Harris (1933) and 
the present author (1934). 


SUMMARY. 


Two distinct types of Golgi apparatus have been found in the adrenal ecor- 
tical cells, the compact and the diffuse. The latter is regarded as the hyper- 
trophied form of the compact type. 

The cells of the zona reticularis are shown to possess a Golgi apparatus 
which takes the form of either a mass of granules or a condensed black knot 
closely associated with the nucleus. This fact is in agreement with the view that 
the zona reticularis is a zone of degenerating cells. 

It is concluded that the Golgi apparatus and vitamin C are jointly concerned 
in the production of lipoid material, which may be the cortical hormone, in the 
cells of the adrenal cortex. 
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INTRODUCTION. 


Since it was first demonstrated that members of the coli-aerogenes group of 
bacteria were constantly present in the faeces of both man and animals these 
organisms have been used as an index of faecal pollution, particularly of water. 
The group, therefore, became so important that much work was carried: out to 
devise methods for the precise differentiation of the members and in order to 
define accurately the natural sources of each. As a result the coli-aerogenes group 
has been subdivided into (a) the B. aerogenes section (subsequently referred to 
in this paper as B. aerogenes), composed of organisms which give a high ratio of 
carbon dioxide to hydrogen in glucose fermentation (Rogers eft al., 1914), a 
negative methyl red reaction (Clark and Lubs, 1915), and are capable of utiliz- 
ing citrates (Koser, 1923); (b) the B. coli section (subsequently referred to in 
this paper as B. coli), the members of which give a low gas ratio, a positive 
methyl red reaction, and are not capable of utilizing citrates. Further, it has 
been generally considered that B. coli predominated in faeces and was seldom 
found in uncontaminated soils or on cereal grains, whereas the reverse was the 
ease with B. aerogenes. Apparently, therefore. B. aerogenes was of non-faecal 
origin, and its presence in a water sample should have no sanitary significance 
comparable with that of B. coli. In accordance with this conclusion, any member 
of the coli-aerogenes group isolated from water must be tested and placed in its 
appropriate section before a correct estimate of the quality of the water can be 
made. 

Recently the necessity for this differentiation between B. coli and B. aero- 
genes has been questioned by Ruchhoft et al. (1933), on the grounds that B. aero- 
genes disappears at the same rate as B. coli during the natural purification of a 
sewage-polluted river. They conclude that ‘‘if both members of the coli-aerogenes 
group disappear at comparatively equal rates in passing from highly polluted to 
relatively unpolluted water, there would appear to be no necessity for differenti- 
ation’. Obviously if B. aerogenes could be found constantly present in appreci- 
able numbers in human faeces, and in highly polluted fluids such as crude sewage, 
this would afford further evidence against the necessity for differentiation. The 
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present investigation is therefore an attempt to determine to what extent B. aero- 
genes is present in such materials. The first part of the paper deals with the B. 
aerogenes content of crude sewage and of sewage effluent, and the relation of this 
number to the total number of lactose-fermenters, that is, the whole of the coli- 
aerogenes group. The second part of the paper deals with a similar investigation 
of individual samples of human faeces. 


BACTERIOLOGICAL METHODS. 


In earlier investigations of material polluted with lactose fermenting intes- 
tinal organisms it has been the custom to use ordinary lactose or glucose broth, 
and cultures obtained in such media have generally contained B. coli and not B. 
aerogenes. Thus Brown and Skinner (1930), using glucose and lactose broth, 
reported that ‘‘only B. coli (never B. aerogenes) was found in human faeces’’. 
More recent work (Ruchhoft et a/., 1931) suggests, however, that it is impossible 
to foretell the changes which will take place in the numerical relations of the 
original population during such an enrichment process, and as a consequence 
there is generally an ascendancy of one particular type at the expense of all the 
others, the ascendant type in faeces being B. colli. 

To make sure of detecting the less dominant type of organism it is necessary to use a 
medium which is specially selective, and as it was desired in this work to make a quantitative 
estimation of B. aerogenes in faeces and in crude sewage, Koser’s (1923) citrate medium was used. 
This medium was found to be excellent for preliminary cultures, allowing rapid multiplication of 
B. aerogenes but not of B. coli, and moreover, it is very sensitive to small amounts of inoculum. 
A series of dilutions of the material under examination was made, and tubes of liquid citrate 
medium were sown from suitable dilutions. At the same time lactose peptone water was inocu- 
lated in order to obtain an idea of the total number of lactose-fermenters present irrespective 
of their type. The amount of the inoculum was the same for both media, and of such a magni 
tude as to produce a final range of cultures containing volumes of the original material deereas- 
ing by multiples of ten. Thus the amounts of inoculum were 0-01 ¢.c., 0-001 ¢.c., 0-0001 ¢.¢., 
0-00001 ¢.c. in the case of sewage effluent, and all cultures were incubated for 48 hours at 37°C. 
The citrate tubes were then examined for turbidity, the lactose tubes for the production of acid 
and gas, and MacConkey plates were sown from the positive citrate tubes containing the 
three highest dilutions and from the positive lactose tube containing the highest dilution. From 
separate pink colonies on these plates, cultures on agar slopes were obtained and repurified by 
further plating on the same medium after preliminary growth in lactose peptone water. After 
microscopical examination these cultures were tested for lactose-fermentation and citrate utiliza- 
tion, and many of them were subsequently subjected to the methyl red and indol tests. If from 
the originally positive lactose tube a lactose fermenting, Gram-negative bacillus was obtained, the 
dilution in this tube was taken as the index of the approximate number of lactose-fermenters 
(i.e. the whole coli-aerogenes group) in 1 ¢.c. of undiluted original material; thus if the positive 
tube had been sown from a Yoo dilution of the original material, the index would be 1,000. 

In the same way the original citrate tube shown to contain a lactose fermenting, citrate 
positive, Gram-negative bacillus, gave an index for the number of B. aerogenes, under which 
heading for the purpose of the present work, all types giving these three reactions were 
placed. The indices for B. aerogenes and the lactose-fermenters thus obtained should be suffi- 
ciently accurate for comparative purposes. The general method as set out above is subsequently 
referred to as the selective method. 
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THE OCCURRENCE OF B. AEROGENES IN CRUDE SEWAGE AND 
EFFLUENT. 

Crude sewage and effluent were obtained from a sewage treatment plant con- 
sisting of an Imhoff tank and a percolating filter dealing with the sewage from 
approximately 100 private residences. The examination of the crude sewage 
offered the possibility of interesting results, because this sewage travels only a 
short distance before it reaches the plant, and does not include storm water or 
street washings; consequently the possibility of contamination with soil is not 
great, and the B. aerogenes content, if this organism is not of sewage but of soil 
origin, should be low. Moreover, the results of tests on the effluent should be 
especially interesting, for, accepting the old idea that B. aerogenes is more resist- 
ant than B. coli, the numbers of B. aerogenes in the effluent should form a much 
larger proportion of the total number of lactose-fermenters (coli-aerogenes group ) 
than they did in the crude sewage. 

Commencing on 7/6/33, samples of crude sewage and effluent were collected and exam- 
ined weekly over a period of 6 months. In order to determine approximately the respective 
numbers of lactose-fermenters and citrate utilizers present in these samples, those collected 
during the first 6 weeks were plated in 1 ¢.c. quantities of a suitable dilution—1/10,000 and 
1/100,000 for the crude sewage, and 1/100 and 1/1,000 for the effluent—on MacConkey’s 
medium and Simmons’ (1926) citrate agar. Only the pink colonies (i.e. lactose-fermenters) 
were counted on the MacConkey plates, while all the colonies appearing on the citrate plates 
were counted as the organisms contained in them must have been citrate-utilizers in order 
to grow on this medium, in which the only organic source of carbon is citrate. The counting 
of the plates was carried out after incubation at 37°C. for 4 days. As there was no reason 
to suppose that all the colonies appearing on the citrate plates would be able to ferment 
lactose with the production of both acid and gas, tests were made by picking off numbers of 
colonies from each citrate plate and sowing them separately into lactose medium, and posi- 
tive results were obtained in the great majority of cases. Thus it became evident that the 
total number of citrate-positive bacteria determined by the plate count could be taken as an 
approximate value for the B. aerogenes content. Similar tests showed that the MacConkey plates 
could be assumed to give an approximate value for the number of lactose-fermenters of the 
whole coli-aerogenes group, though a few of the pink colonies when tested gave acid only in 
lactose medium. 


The results of these preliminary tests are recorded in Table 1. 


TABLE 1. 
Results of Examination of Crude Sewage and Effluent by Direct Plating Method. 


Figures given in thousands. 


Crude Sewage Results. Effluent Results. 
Date Total Lactose No. of Total Lactose No. of 
of fermenters B. aerogenes fermenters B. aerogenes 

Test. per 1 c.e. per l¢.c. per le.e. per 1 c.e. 

7/6/33 1,600 500 31 10 
14/6/33 2,000 600 18 2 
22/6/33 7,500 3,500 ae mae 
26/6/33 1.700 200 30 10 

5/7/33 2,600 700 8 3 


13/7/33 1,400 1,000 30 23 
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It may be seen from these approximate figures in Table 1 that B. aerogenes 
forms a considerable proportion of the total lactose-fermenters both in crude 
sewage and effluent, and that its numbers are greatly reduced in the effluent. To 
secure confirmation of these points, the investigation was continued, using the 
plating method as above, in conjunction with the selective method described 
earlier, in which a parallel series of liquid citrate and lactose broth tubes were 
sown with decreasing amounts of the original material and the positive tubes 
submitted to confirmatory tests. A lactose-fermenter index and a B. aerogenes 
index were thus obtained. The complete results of these tests are given in Table 
2 and it will be noticed that on each date given in column I both crude sewage and 
sewage effluent were tested as indicated in column II. The table is arranged in 
this way to facilitate the comparison of the various figures for crude sewage and 
effluent. Columns III and IV show the figures for the whole coli-aerogenes group 
(called in the table lactose-fermenters) and for B. aerogenes respectively. 
Columns III A and IV A give the respective numbers of each group found in 
1 c.c. of original material determined by counting MacConkey and citrate plates, 
and columns III B and IV B give the respective indices for each group as deter- 
mined by the selective method in lactose broth and liquid citrate. 


TABLE 2. 


The Results of Examination of Crude Sewage and Sewage Effluent by the Direct 
Plate Method and the Selective Method. 


Figures given in thousands. 


# Il. ITI. IV. 
Date of Test. Material tested. Lactose-fermenters. B. aerogenes. 

A. B. A. ' 
No. per 1 ¢.c. Index. No. per 1 ¢.c. Index. 

20/7/33 Crude Sewage 1,000 100 500 100 

Effluent 7 1 3 1 

27/7/33 Crude Sewage 4,000 1,000 1,000 1,000 

Effluent 22 10 3 1 

2/8/33 Crude Sewage 2,300 1,000 1,600 100 

Effluent 8 1 2 1 

9/8/33 Crude Sewage 2,000 1,000 900 100 

Effluent 5 1 3 1 

16/8/33 Crude Sewage 2,300 1.000 600 1,000 

Effluent 10 1 1 1 

23/8/33 Crude Sewage 2,500 1,000 800 100 

Effluent 6 1 1 1 

30/8/33 Crude Sewage 800 100 200 100 
Effluent 7 1 1 0-1 

12/9/33 Crude Sewage 3,000 100 900 100 
Effluent 30 1 3 0-1 

30/9/33 Crude Sewage 2,400 1,000 1,000 100 
Effluent s 0-1 1 0-1 

27/9/33 Crude Sewage 2,000 1,000 700 1,000 


Effluent 13 1 4 0-1 
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Figures given in thousands. 


I. II. ITI. IV. 
Date of Test. Material tested. Lactose-fermenters. B. aerogenes. 

A. ’ A. 3. 
No. per le.c. Index. No. per 1 ¢.c. Index. 

4/10/33 Crude Sewage 4,000 1,000 2,500 1,000 

Effluent 80 10 15 1 

11/10/33 Crude Sewage 2.000 1,000 600 100 

Effluent 25 10 6 1 

18/10/33 Crude Sewage 3,000 1,000 1,500 100 

Effluent 20 1 5 0-01 

1/11/33 Crude Sewage — 1,000 2,000 100 
Effluent —- 1 5 0-1 

8/11/33 Crude Sewage 1,000 1,000 300 1,000 
Effluent 40 1 5 0-1 

15/11/33 Crude Sewage 4,000 1,000 2,000 100 
Effluent 80 0-1 10 0-1 

22/11/33 Crude Sewage 5,000 1,000 3,000 100 

Effluent 5 1 6 1 

6/12/33 Crude Sewage 4.000 1,000 1,700 1,000 

Effluent 300 1 20 1 

13/12/33 Crude Sewage 4,000 1,000 1,900 1,000 
Effluent 36 10 9 0-1 


Discussion of Results. 


The figures for the whole group of lactose-fermenters given in Table 2 
(columns ITI A and III B) show, in general, a good agreement between the Mac- 
Conkey plate count (III A) and the index (III B) ; but in the case of effluent the 
plate counts tend to give a higher value than the index, presumably because the 
confirmatory tests associated with the latter do not allow the inclusion of non- 
gas-forming lactose-fermenters. In the same way the figures for B. aerogenes 
(Table 2, columns IV A and IV B) show an approximate agreement between the 
citrate plate count (IV A) and the index (1V B) for the erude sewage, whereas 
the effluent again generally gives by the plate method a value which is too high 
on account of the inclusion of citrate positive non-lactose-fermenters. 

The values given by the MacConkey and citrate plates (see Table 2, columns 
tIl A and IV A) for the crude sewage can therefore be taken as a fair estimate 
of the numbers of lactose-fermenters and B. aerogenes respectively, but the plate 
counts for the effluent are much less significant. The indices afford the more reli- 
able data on which to base conclusions, and an examination, of these figures for 
erude sewage, given in Table 2, columns III B and IV B, shows that the B. aero- 
genes index is either identical with the lactose-fermenter index or less than it by 
the smallest amount capable of detection by the dilution method used for the 
determination ; thus if B. aerogenes is not found in the same high dilution as the 
lactose-fermenters (generally 1/1,000,000 ¢.c.) it is always found in the next 
lower dilution, which is 1/100,000 ¢.c.; so that the B. aerogenes index is never less 
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than one-tenth the lactose-fermenter index. It would appear, therefore, that 
B. aerogenes forms a large proportion of the total number of lactose-fermenters 
in this erude sewage, and there is further support for this view in the evidence of 
the plate counts (Table 2, columns III A and IV A). 

The same reasoning applies to the results (also shown in Table 2, columns 
III B and IV B) obtained for the effluent, where the indices for the total lactose- 
fermenters and B. aerogenes show in the majority of cases a similar relation. 

Examining the complete set of results (Table 2) the similarity in the decrease 
in magnitude of the various values in passing from crude sewage to effluent is 
very noticeable. The B. aerogenes index changes to approximately the same 
extent as the lactose-fermenter index (see columns III B and IV B) ; thus out of 
the 19 tests recorded in the table, the difference is the same for both indices in 5 
eases, while the B. aerogenes decrease is greater in 8 eases and less in 6 cases. The 
variation is never large, so that the results taken generally indicate that there is, 
during the sewage treatment, the same average rate of disappearance for both 
B. aerogenes and the whole group of lactose-fermenters. This group consists of 
the B. coli and B. aerogenes sections, and therefore B. aerogenes seems to have the 
same death rate in this sewage plant as B. coli, and cannot here be regarded as a 
more resistant type of organism. 

Under the conditions of the present investigation, B. aerogenes is present in 
erude sewage in numbers sufficiently large to suggest that it is of sewage origin, 
and, moreover, it is no more resistant to the unfavourable conditions of treatment 
than is B. coli. Both sections of the coli-aerogenes group appear therefore to be 
of the same sanitary importance, and the need for differentiation disappears. 


B. AEROGENES IN HUMAN FAECES. 


As B. aerogenes was present in such large numbers in crude sewage it seemed 
possible that this organism is also present in human faeces more constantly and 
in greater numbers than is generally acknowledged. To obtain some evidence on 
this point a small number (20 in all) of specimens of human faeces were obtained! 
and examined by means of the selective method previously described. The tests 
did not aim at a quantitative estimation of B. aerogenes, but merely sought to 
establish a comparison between the numbers of this organism and the total num- 
ber of lactose-fermenters present in the faeces. 

For this reason the actual amount of each sample contained in the primary dilution was 
never definitely determined, but portions of approximately 3 gm. were placed in sterile 
petri dishes and completely emulsified in about 3 ¢.c. of sterile water. With a platinum 
loop, 1 mm. in diameter, two loopfuls of this thick emulsion were transferred to a sterile 
bottle containing 90 ¢.c. of sterile water, and the whole was thoroughly shaken. From this 
dilution, A, a series of dilutions in multiples of ten was made, ending with A/100,000. In 
all except 4 cases this range was sufficient to show a definite end-point for lactose-fermenta- 











1 These samples of faeces were from convalescent surgical cases, and were kindly provided 
by the Baker Research Institute of the Alfred Hospital. 
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tion. The results of these tests were expressed as lactose-fermenter and B. aerogenes indices, 
which indicate the most probable number of both these groups in 1 ¢.c. of dilution A, but 
have no relation to their absolute number in the original samples. These results are given 
in Table 3. 


TABLE 3. 


Results of Examination of Human Faeces by Selective Method. 





Sample Lactose-fermenter B. aerogenes 

No. Index. Index. 
1 10 1 
2 10,000 10,000 
3 1 1 
4 10,000 100 
5 10 1 
6 100,000* 10,000 
7 100,000* 1,000 
8 1,000 100 
9 10,000 1 
10 100,000* 1 
11 1,600 0 
12 1,000 100 
13 10 0 
14 10,000 100 
15 100 1,000 
16 10,000 10 
17 10,000 10 
18 100 1 
19 10,000 1,000 
20 100,000* 1 
Average 23,600 1,170 


* As a dilution of 1/100,000 was the limit to which the experiment was carried, an index 
of 100,000 indicates that the lactose tube containing the highest dilution was positive so that 
had the dilution been carried further the index might have been higher. 


In considering the results in Table 3 the large variations in both the lactose- 
fermenter and B. aerogenes figures are very noticeable in passing from one 
sample to the next. Also there is apparently no correlation between the number 
of lactose-fermenters and the number of B. aerogenes. However, in about half 
of the samples the indices either have the same value, or one is ten times that of 
the other, the larger number applying to the lactose-fermenters except for sample 
15. This sample would appear to have contained more B. aerogenes than lactose- 
fermenters, which is absurd, and this result can only be attributed to the chance 
isolation of B. aerogenes from a dilution higher than that in which it is con- 
stantly present. This type of relation between the two indices is much the same 
as that found for crude sewage, and the inference is that, in these samples of 
faeces, B. aerogenes formed a large proportion of the total number of lactose- 
fermenters. On the other hand, some samples show a iactose-fermenter index 
ranging from 1,000 to 100,000 times the B. aerogenes index, and therefore point- 
ing to a low B. aerogenes content. The remaining samples come midway between 
these two groups, and contain a number of B. aerogenes fairly insignificant in 
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comparison with the total number of lactose-fermenters. Taken on the whole, the 
results show an unexpectedly large proportion of B. aerogenes in these samples 
of faeces, and, taking the average figure given at the foot of Table 3 for both 
indices, the ratio of lactose-fermenters to B. aerogenes appears to be somewhere in 
the neighbourhood of 20 to 1. 


Atypical Members of the Coli-aerogenes Group Isolated from Crude Sewage, 
Effluent, and Faeces. 


During the investigations described above, the lactose-fermenting cultures 
isolated from various sources were generally subjected to the methyl red, indol, 
and citrate tests, primarily to confirm the reaction in the original tube from which 
they were obtained, and at the same time to provide some information on the 
frequeney with which the Citrobacter (so named by Werkman and Gillen, 1932) 
and other atypical members of the coli-aerogenes group occurred in the materials 
under observation. Table 4 gives the results of these tests expressed as the 
number of cultures found in each group, and the groups are classified in aecord- 
ance with the results of the indol, methy! red, and citrate tests as indicated in the 
table. No combinations of these three reactions other than those included in the 
table were found. 


TABLE 4. 


Results of Confirmatory Tests on Lactose-fermenting Cultures. 


Origin Total No. No.of True +Indol, Indol, Indol, +Indol, 
of of Coli-aerog. +Meth. Red, -+Meth. Red, +Meth. Red, — Meth. Red, 
Culture. Cultures. Group. +Citrate. +Citrate. —Citrate. +Citrate. 
Crude Sewage 188 102 42 32 5 7 
and Effluent 
Faeces 77 43 15 18 0 1 


Most of the cultures for which the results are included in Table 4 were 
isolated from citrate medium, so that the figures are not intended to convey any 
idea of a numerical ratio between the various groups. However, the more fre- 
quently a certain type of culture is met with, the more likely is it to be present 
in the test material in large numbers. Thus the results in Table 4 indicate a 
preponderance of true coli-aerogenes organisms, as was to be expected, but also 
suggest that the Citrobacter, represented by the reactions +++ and —+-4, 
are fairly numerous. This is surprising, as this group has not generally been 
accounted of faecal origin. Only a very few cultures fall into the last two groups 
of Table 4, which correspond respectively to a B. coli which does not produce 
indol (—-+-—) and to an indol-forming B. aerogenes (-++-—+). It is a recognized 
fact that both these types are rare. 
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SUMMARY AND CONCLUSIONS. 


1. The crude sewage and effluent from a small treatment plant were tested 
weekly over a period of 6 months to determine the total number of lactose- 
fermenting organisms and B. aerogenes respectively. 

2. Tests of the same nature were made on 20 samples of human faeces. 

3. The results appear to indicate the presence of Citrobacter in the crude 
sewage, effluent and faeces, whereas non-indol-forming B. coli and indol-forming 
B. aerogenes seemed rare. 

4. Under the conditions of this investigation both the crude sewage and 
effluent generally contained a large number of B. aerogenes, and the ratio of the 
total number of lactose-fermenters to the number of B. aerogenes remained fairly 
constant in passing from the crude sewage to the effluent. B. aerogenes would 
therefore appear to have the same death rate as the rest of the coli-aerogenes 
group under these circumstances. 

5. A surprisingly large number of B. aerogenes was found in many of the 
samples of faeces tested, and the average figures for 20 samples showed a ratio of 
lactose-fermenters to B. aerogenes of approximately 20 to 1. 

6. If B. aerogenes is present in crude sewage and faeces to the extent indi- 
cated by these experiments there would appear to be no necessity for its differen- 
tiation from B. coli in bacteriological examination of water for the detection of 
faecal pollution. 
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A NOTE ON THE MATURATION OF THE FEMALE 
BLACK-HOODED RAT (MUS NORVEGICUS) 


by 
R. F. MATTERS AND M. E. MacKAY 


(From the Department of Human Physiology and Pharmacology, 
University of Adelaide). 


(Submitted for publication 18th July, 1934.) 


Exact data as to the age of maturation of these rats appear to be lacking. 
Since these animals are so widely used in experimental work, it was decided that 
accurate knowledge of the earliest appearance of ruptured follicles and corpora 
lutea in the ovary would be of value. 

Stockard and Papaniculaou (1917), working on the sexual maturity of 
guinea pigs, closely correlated the cells found on microscopical examination of 
vaginal smears with the ovarian changes. Long and Evans (1919, 1920) applied 
this method to rats, and they state that maturity is attained at about six weeks. 
More recent work indicates that these animals reach maturity between seven and 
nine weeks (Robson, 1934). 

The experimental animals were black-hooded rats, descended from the colony 
bred at King’s College, Camden Hill, London, by Dr. Gladys Hartwell, animals 
of this strain having been brought to this department eight years ago. They were 
kept at an even temperature and on a balanced diet. Five groups of rats were 
taken, each group consisting of three animals. 

Group A comprised animals born on 27/3/34, and these were killed at 22, 30, 
and 36 days respectively. In no animal of this group was the vagina open. 

Group B consisted of rats born on 22/3/34, and these were killed at 27 days, 
35 days, and 43 days. In this group also the vagina was still closed. 

Group C consisted of animals born on 7/3/34, and killed at 36 days, 44 days, 
and 52 days. The vagina was not patent. 

Group D consisted of animals born on 8/3/34, and killed at 43 days, 53 days, 
and 91 days. In these rats the vagina was open. 

Group E comprised two animals, E, born 27/3/34 and killed at 63 days; 
and E» born 4/4/34 and killed at 67 days. 

On macroscopi¢ examination the ovaries of all rats, except Eo and Dg, were 
small and pale, showing no sign of maturity. In E». and Dz the ovaries were a 
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Fig. 1. Section of ovary of 22 day rat (objective 24 m.m.F 4. 5). 
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Fig. 5. Section of ovary of 63 day rat. 








Fig. 6. Section of ovary of 67 day rat (objective 35 m.m.F 4. 5). 
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mass of punctate follicles, and both ovaries and uterus were greatly engorged. 
The ovaries in every case were fixed and sectioned. 

Microscopic examination showed that at 22 days the ovary was quite imma- 
ture, the sections showing numerous small Graafian follicles; the ovum was sur- 
rounded by 1-4 layers of granulosa cells. At 27 days a proliferation of the follicle 
wall was observed, and at 30 days the follicles were very much enlarged, showing 
a separation of granulosa cells from the discus proligerus. 

From 30—53 days the sections showed little change in the ovary. There was 
an increase in the granulosa cells of the more superficial follicles, but in no case 
was there any sign of ruptured follicles, even in D; and De, in which the vagina 
had been open for some days. 

The ovary of E, (63 days) showed very large and apparently ripe follicles, 
and the uterus showed a thickening of the endothelium; but there were no rup- 
tured follicles nor signs of developing corpora lutea. 

Both developing and developed corpora lutea could be seen in the ovary oi 
E.. which was killed at 67 days; and in the case of Dg (91 days) some of the 
corpora lutea were observed to be degenerating. 

It would appear, therefore, that this type of rat becomes mature at between 
60 and 70 days. 


SUMMARY. 


Histological examination of the ovaries of black-hooded rats showed that the 
earliest observed appearance of corpora lutea was on the 67th day. 
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OBSERVATIONS ON MIXTURES OF CASEIN AND 
NATIVE OX SERUM ALBUMIN 


by 
MAVIS FREEMAN 


(From the Walter and Eliza Hall Institute, Melbourne). 
(Submitted for publication 14th July, 1934.) 


In a previous paper (1933) it was noted that the inconstant specific rotation 
of ox serum euglobulin suggested that it was a mixture of a native protein with a 
metaprotein. The fact that various denatured proteins could be dissolved in 
dilute sodium chloride solution after precipitation in the presence of a native 
protein supported this view. 

This work was undertaken in an attempt to prepare a protein with the salt 
solubility of a euglobulin from an artificial mixture of a native protein and a 
metaprotein. Casein from cow’s milk and freshly prepared ox serum albumin 
were the proteins used. Casein was chosen because of its relatively high phos- 
phorus content. It was hoped that the phosphorus percentage would indicate the 
proportional amounts of casein and native serum albumin in the mixtures pre- 
pared. 


EXPERIMENTAL. 


The casein was prepared from milk by precipitation with 10 p.c. acetic acid. It was well 
washed with distilled water, dissolved in dilute sodium hydroxide solution, and reprecipi- 
tated with acetic acid. After washing with distilled water and absolute aleohol it was 
extracted with ether and dried. One sample of casein was used throughout these experi- 
ments. The ox serum albumin was prepared from ox serum by saturation with ammonium 
sulphate, after removal of the globulins by the addition of an equal volume of saturated 
ammonium sulphate. It was dialysed free from ammonium sulphate. Fresh samples were 
continually made, all specimens being stored in the refrigerator, and used within a week or 
ten days. 

The casein was dissolved in N/20 sodium hydroxide, and immediately after solution the 
required amounts were added to the serum albumin solutien, which had been measured into 
centrifuge tubes. Amounts of casein were used in a series of tubes to give a ratio of meta- 
protein to native protein of 1:2,1:4,and 1:8. Distilled water and N/20 sodium hydroxide 
solution were added to make the final volumes the same in the various tubes, and then 5 p.e. 
or 10 p.c. acetic acid was added to bring the solution to the desired pH. The covered centri- 
fuge tubes were then allowed to stand overnight in the refrigerator. Next morning the pre- 
cipitate in the tubes was spun down, washed twice with distilled water, and made up to the 


original volume, usually 20 ¢.¢., with distilled water. The precipitate was ground up with the 
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water to give as uniform a suspension as possible. A sample of this suspension was kept for 
analysis of protein and phosphorus. Sufficient dry sodium chloride was added to the re- 
mainder of the suspension to make a 1 p.c. salt solution. The covered tubes were returned 
to the refrigerator and left overnight. Next day, after centrifuging, the supernatant liquid 
was pipetted off, and the protein and phosphorus determined. Protein and phosphorus deter- 
minations were made on the supernatant liquid from the first centrifuging, on the suspension 
of the precipitate in water, on the solution in sodium chloride, and in some cases on the 
washed suspension after its extraction with 1 p.c. sodium chloride solution. 

Protein was determined with a micro-Kjeldahl apparatus, the factor 6-39 being used to 
convert the nitrogen to protein content. Phosphorus was estimated by the von Lorenz 
method after digestion of the protein with concentrated sulphuric and nitrie acids. A full 
description of the method is given by Neubauer and Liicker (1912). 

The pH of the protein mixtures was determined on the supernatant liquids with quin- 
hydrone and calomel electrodes. 


Diagram to show the Relationship of the Solutions and Suspensions 
in the Table of Results. 


PROTEIN MIXTURE 
(Precipitation with acetic acid) 





| 
Supernatant liquid Precipitate 
| (washing with water ) 
Solution 1 | 
Suspension 1 
| 
(Treatment with 1 p.c. sodium 
chloride solution ) 


| | 
Solution in 1 p.ec. NaCl Undissolved residue 
| (washing with water) 
Solution 2 | 
Suspension 2 


The phosphorus content of this sample of casein was 0-88 p.c., and of ox 
serum albumin 0-08 p.c. 

Results comparable to those shown in Table 1 can be obtained using 2 p.c. 
or 1 p.e. protein solutions. It will be seen that at a pH more acid than 5-0— 
experiments B and C—there was no decrease in the total concentration of the 
soluble protein. No more protein was removed from solution than was given up 
to the solution from the casein. It was only at pH 5-0 and more alkaline pHs— 
experiments D, E, F, G—that some soluble protein was adsorbed by the casein 
precipitate. 














TABLE 1. 
Solution 1. Suspension 1. Solution 2. Suspension 2. 
Dp nn A x 
= = = = = 
5 & e 2 aia a 
Concentration of protein <= = as = as & 6 = 88 
solutions. = = ae = ae S ae 2 28 
aa *& X.8 x 8 x XE Ss SH 
(1) 2-0% Casein 4-6 — — 1-04 0-86 0-05 1-10 Essentially 
same as 
Suspension ] 
(2) 2-0% Casein 4-85 0-04 1-97 0-84 0-16 0-93 — 
(3) 2-0% Casein 5-04 0-8 0-90 1-10 0-88 0-09 0-89 — 
2-0% Casein 4-0% albumin 4-8 4-04 0-13 1-98 0-83 0-32 0-35 — — 
1-0% Casein 4-0% albumin 4-8 3-99 0-12 1-04 0-80 0-20 0-37 — 
0-5% Casein 4-0% albumin 4-8 4-02 0-12 0-39 0-84 0-08 0-33 — — 
1-0% Casein 2-0% albumin 4-8 1-99 0-10 0-98 0-82 0-15 0-30 0-78 1-01 
2-0% Casein 4-14% albumin 4- 4-15 — 2-06 0-71 0-43 0-27 1-51 0-77 
1-0% Casein 4-14% albumin 4-8 4-19 1-06 0-73 0-25 0-29 0-68 0-83 
0-5% Casein 4-14% albumin 4-8 4-14 — 0-48 0-76 0-11 0-26 0-35 0-89 
2-0% Casein 4-04% albumin 5-0 3-92 0-14 1-94+0-04 0-63 0-67 0-19 1-15 0-93 
1-0% Casein 4-04% albumin 5-0 3-98 0-12 0-96+0-12 0-58 £.24 0-44 0-69 0-76 
2-0% Casein 3-90% albumin 5-0 3-61 0-16 2-31 0-66 1-18 0-40 0-92 0-89 
1-0% Casein 3-90% albumin 5-0 3-72 0-15 1-05+0-07 0-64 0-57 0-48 0-37 0-87 
0-5% Casein 3-90% albumin 5-0 3-84 0-14 0-44+0-10 0-74 0-22 0-64 0-12 0-93 


2-0% Casein 
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-05 3-55 0-09 2-62 0- 


-14% albumin 


4 55 1-34 0-35 0-87 0-73 
-0% Casein 4-14% albumin 5-05 3-74 0-09 1-41 0-54 0-66 0-33 0-54 0-74 
-5% Casein 4-14% albumin 5-05 3-90 0-10 0-65 0-52 0-31 0-35 0-32 0-77 
-0% Casein 4-02% albumin 5-1 3-81 -- 1-12 0-57 0-92 0-49 —- = 


The proportion of suspension 1, which dissolved in 1 p.c. sodium chloride 
solution, was increased by the precipitation of casein in the presence of serum 
albumin. In the casein control experiments from 5 p.c. to 9 p.c. of the protein 
was soluble in 1 p.c. sodium chloride solution. The phosphorus content of this 
was in some cases somewhat higher than that found in the original casein of these 
experiments. As shown in a comparison of A with the rest of the table, much 
larger proportions of the suspension 1 precipitated in the presence of serum 
albumin were soluble in sodium chloride solution, the proportion so soluble in- 
creasing with a more alkaline precipitation. These solutions in 1 p.ec. sodium 
chloride had a much lower phosphorus percentage than casein. 2 p.c. and 5 p.e. 
sodium chloride solutions did not extract a larger amount of soluble protein from 
the suspensions than 1 p.c. sodium chloride solution. 

The phosphorus content of the precipitate produced by the addition of acid 
to the mixture was in most cases lower than that of the control casein, even in the 
experiments where there was no obvious removal of soluble protein from the 
solution of native protein. At the same time there was usually an increase in the 


% Suspension 1 


+ dissolved in 


1% NaCl. 
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phosphorus content of the water soluble protein in solution 1. Also there was 
apparently some removal of phosphorus as inorganic phosphorus by washing of 
the precipitate with water. Analyses of the washings showed quantities of phos- 
phorus from 0-2 p.c. to as high as 1-2 p.e. in the small amounts of protein present 
there. This splitting off of phosphorus was thought to be caused by the action of 
the N/20 sodium hydroxide used for the solution of the casein. An experiment 
was made dissolving casein in sodium bicarbonate, the pH of the solution being 
7-0. Even then a low phosphorus content was found in the suspension obtained 
by the addition of acetic acid to pH 5-0. A fraction of this suspension was 
soluble in 1 p.c. sodium chloride solution as in the other experiments. 

Figures for the amount of protein in suspension 1 are not exact, because a 
small amount of precipitate settled out in the course of one to two days after the 
first centrifuging. This was especially the case in the experiments as alkaline as 
pH 5-0. In experiments D and E the extra amount of precipitate was estimated. 
It was comparatively small. In other experiments it was allowed to settle before 
analyses of solution 1 were made. The figures for solution 2 are a direct per- 
centage of the figures shown in the suspension 1 column dissolved in 1 p.c. sodium 
chloride solution. There is some quantitative loss showing in the suspension 2 
column, as in the transference of a suspension from one vessel to another such a 
loss was inevitable. However, this does not affect the determinations of percent- 
age phosphorus in the proteins. The percentage of phosphorus shown for any 
one of the suspensions 1 and 2 and solution 2 is as would be expected from the 
other two sets of figures. There was therefore no loss of phosphorus during the 
course of the solubility experiment. 

Solution 2 resembles a euglobulin solution. The more concentrated solutions 
were opalescent, and all could be precipitated by the addition of acid. The pHs 
of the solutions, for the controi casein as well as for the mixtures, varied from 
4-9—5-4. The manner in which the precipitate, suspension 1, settled out from 
the solution is reminiscent of euglobulin separating from ox serum pseudoglobu- 
lin. The solution appeared clear after centrifuging off the precipitate already 
formed. After standing for an hour or two it became opalescent, and gradually 
more of this protein precipitated. The optical rotations of some of the more 
concentrated solutions in 1 p.ec. sodium chloride were determined for the mereury 
green line. 


TABLE 2. 


Concentration of Phosphorus percentage Specific 

protein solution. of protein. Rotation. 
0-50 0-36 80 
0-57 0-48 bo bad 
1-34 0-35 70-9 
0-66 0-33 60-6 


The specific rotation of the albumin solutions used in the experiments was 
—60 to —63, and for casein in N/20 sodium hydroxide —125. <A control experi- 
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ment was made to determine the specific rotation of casein in 1 p.e. salt solution 
at the pH of the solutions in the solution 2 column of Table 1. Acetic acid was 
added to a solution of casein in sodium bicarbonate until a pH of 5:4 was 
attained. The small amount of casein precipitate was centrifuged off, and salt 
added to make the solution 1 p.c. The specific rotation of this casein was —120. 


DISCUSSION. 


The experiments recorded in this paper show that there is some interaction 
of casein and ox serum albumin when the former is precipitated in the presence 
of the latter. It is suggested that a small fraction of casein, relatively low in 
phosphorus content, tends to associate with the serum albumin. A small fraction 
of casein of high phosphorus content dissolves when casein is extracted alone with 
1 p.c. sodium chloride solution after precipitation with acid. When easein is 
precipitated in the presence of serum albumin, a fraction of the serum albumin 
associates with the casein, and is subsequently extracted with the portion rich in 
phosphorus by the 1 p.c. sodium chloride solution. The optical rotations suggest 
a mixture of this kind. 

Alternatively, the solution 2, of low phosphorus content, extracted by the 
1 p.c. sodium chloride solution may demonstrate a splitting of the original casein 
due to the mere presence of serum albumin. Linderstrom-Lang (1929), follow- 
ing the ideas of Danilewsky and Radenhausen (1885), and of Osborne and Wake- 
man (1918), has shown that casein is a mixture of proteins, and that a fraction 
with a low phosphorus percentage can be extracted with warm 60 p.c. alcohol 
solution containing N/1,000 to N/500 hydrochloric acid. Svedberg, Carpenter 
and Carpenter (1930) found this fraction, as prepared by Linderstrom-Lang, to 
be a single substance by the centrifugal sedimentation velocity test. Casein, as 
ordinarily prepared, behaves as a heterogeneous substance. Carpenter and 
Ilucker (1930) have differentiated serologically these fractions of casein. 

Whichever explanation be accepted, these experiments show that the pre- 
sence of a native protein in the solution has an important influence on the subse- 
quent composition and properties of a precipitate of casein formed near its iso- 
electric point. 


SUMMARY. 


The effect of the precipitation of casein by acid in the presence of native ox 
serum albumin has been studied. 

It is found that a protein soluble in 1 p.ec. sodium chloride solution can be 
extracted from the precipitate thus obtained. 

More of this protein is extracted the more alkaline the pH of precipitation. 

This fraction, soluble in 1 p.c. sodium chloride solution, has a lower phos- 
phorus content than casein. The production of this fraction may be caused by a 
mixture of the two proteins, or by a splitting of the original casein. 
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